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INTRODUCTION. 


There is at present no practical and definite Code in Great 
Britain for boiler plant testinj^R and, consequently, such tests 
are lar^^ely carried out accordinc^ to the fancy of the particular 
engineers engaged. I am decidedly of the opinion that the 
time has arrived for the adoption of a standard up-to-date 
Code devised on thoroughly practical lines, especially in view 
of the urgent necessity of fuel economy, and the fact that 
nearly 50 per cent, of the coal comsumption of Great Britain 
is used for the one operation of .steam generation, 

' What is supposed to be the Standard Code in Great Britain 
is that of the Institution of Civil Kngineers (“ Report of the 
Committee on Tabulating the Results of Steam Engine and 
Boiler 1'. ia’s Revi.sed 1913. Tublished by Messrs. William 
Clowes & Sons Ltd., 94 Jermyn Street, London, S.W. i. 
Price 3/- net). * * 

The original Committee of the Institution of Civil En- 
gineers fiSr this purpose was appointed on the ^pth June, 1897, 
and they made an Interim Report &n the 25th April, j9or, 
followed b/ a final Report oh the 14th April, 1902. The 
Ot)mmittee was then reryjpointed on the 19th October, 1909, 
to revi.se tlie original Code of 1902, 'and the Report of this 
latter Committee is embodied in the pre.sent (1^13) Code. In 
practice) however, this Code is i^^iored becau.s^f’t is i*oo com- 
plicated wild unpractical. 

I am of Jthe ppinion also that the C ode’i.S|eiitirely out-of- 
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date, and, with all due respect to the Institution of Civil 
Engineers, the devising of an Improved Code is essentially 
the business of two branches of engineering, chemical and 
mechanical. 

rhe Standard Code in America for Boiler BlantcTes^ing is^ 
the “ Rules for Conducting Performance Tests of Power Plant 
Apparatus, Code 1915,” of the American Society of Mechan- 
ical Engineers, 29 West Thirty-ninth Street, New York, 
U.S.A., being the Report of the Power Test Committee, 
which resulted from the Council’s resolution of 13th April, 
1909. As is of course well known, this Code is at present 
under revision by the “Power Individual Committee, No. 4” 
(Messrs. E. R. P'ish (Chairman), D. D. Pratt (Secretary), 
A. D. Bailey, W. N. Best, A. A. Carey, and E. B. Ricketts), 
and by th^ courtesy of the Secretary I have been able to study 
the preliminary draft of the Report of this Committee, so that 
any criticisms and remarks of mine in this book apply to the 
Final Revised Code. I think that this American Code, even 
as revised by the “Power Individual Committee, No. 4,” is 
still open to criticism, although much superior to the British 
Civil Engineers’ Code. 

1 suggest, therefore, that the time is ripe for the devising of 
a Staiidard Internatfcnal Boiler Testing Code by the American, 
British and PTench Engineering and Scientific Societies work- 
ing in collaborc^ion. 

In Great Britain tho premier societies concerned are the 
Institution of Mechanical Enpfneers •and the Ii^^titution of 
Chemical Engineers, with various other societies like tfee 
Civil Engineers, Pdectrital Engineers, Mining Er^jineers, and ^ 
the Society of Chemical Industry, holding a watching brief. 
In Amtfrica yfe lead ivou^l presumably be taken by the 
American Society of IV^cJiaffical Engineers, and in JJrajice by 
the Ingenieu^sjCl^ils de P'rance. 
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The present book is a contribution towards the work of 
devising such an improved International Code, and I have 
divided it into the following parts 

/• — “The Results at present being obtained on 
Boiler i^lants in General,” to show the necessity of adopting 
moder^j scientific methods in steam generation, and of devising 
a practical international test Code to encourage such work. 

PcV't 11 . — “ Criticisms of Existing Codes and Suggestions 
for Improvement.” This part is divided under the following 
heads ; — 

1. The necessity of a separate Code for boiler plant 
testing. , 

2. The object of boiler plant testing. 

3. Duration of test. 

4. Sampling and analysis of the fuel. 

5. Flue gas analysis. 

6. The method of measuring the boiler feed-water. 

7. Moisture in the steam. 

8 . Specific heat of superheated steam. 

9. Steam or power used auxiliary to the production of 
st^iam. 

10. Lbs. of water from and at 212'’ F. per t, 000, 000 

B.Th.U. ’ • 

11. Various minor points. 

12. iTie method of calculating the results.^ 

All these points are matters that could be settled imme- 
diately by American, British ancl h'rench Committees appointed 
to^devise the Internatioiiiil Code, and^would include the pro- 
vision of a ^ist of “ recommendcfl ” instruments, calorimeters, 
water meters, combustion recorders, pyrometer^, etc. 

Part If I . — “ Suggestions for ^Js'ew Featurei\^that may be 
added •in^he future to an Internationll Cod^ as^he result of 
further discu|sioii and inve.stigation.” This citapter includes 
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the following heads, and consists of various matters which 
may, or may not, be added to an Intarnational Oode: — 

I,. The question of the use of a special factor depending on 

the quality of the fuel. ^ 

♦ • ^ 

2. Labour, attendance, repairs, upkeep, interest, gnd de- 
preciation. 

3. Dust and grit in the chimney gases. 

4. Steam meters. ^ 

Part IV . — “Design of a New and Improved Code as a 

suggested basis for the International Code,” giving, as an 
example, the results of an actual boiler test according to the 
suggested Code. 

For convenience and simplicity, throughout this book, the 
fuel under discussion is coal ; but the same reasoning and 
principles will apply to all fuels, solid, liquid, and gaseous. 

The general grounds for criticism of the Institution of 
Civil Engineers’ Code, in particular, 1 consider to be as 
follows : — 

1. The Code is far too academic and not adapted to 

practical requirements, and it appears to be drawn up wWi 
the idea that boilerj tests are a luxury only to be carried out 
on rare occasions. Thus it takes up pages arguing about heat 
balance sheets, specific heat of flue gases, and the full chemi- 
cal analysis of the fuel, and almost ignores matters of vital 
pracIJical importance, such as the amount of auxiliary steam 
or power used on the plant, the price of the fuel, ariid the c«st 
of evaporation of a unit^of water. ^ * 

2. 'I'he C‘o(le is completely out-of-date in the methods given 
for carrving ou| the test. For example, it insists on weighing 
or measuring j^he water'in t^nks, even at sea, and practically 
omits to mejj>ion^the t\foifty tlifferent water meters %V2filable, 
and also does hot discuss ste^m meters. .‘\Jthoy^h it insists 
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righ*tly on a bomb calorimeter for fuel analysis, it recommends 
an instrument no one in this country, except the “ Civils ” 
Committee, has ever heard of, and as regards flue gas analysis, 
iiand methods of the most antiquated and unpractical types 
\ire ii^ist^ upon. Automatic CO2 Recorders, a commonplace 
of mocftrn boiler plant work, are disparaged, but if used, an 
instrufnent is recommended which is many years out-of-date. 

3. The Code is expressed in such a confused and compli- 
cated*manner that it rivals the Income Tax and can only be 
understood with great difficulty, whilst the methods of calcu- 
lating the results are so intricate as to be largely unintelligible 
without a great effort, even to specialists on the subject. Thus 
it is nof drawn up in any logical sequence. The first sheet 
deals with “ General Description of the Boiler,” and then the 
second sheet follows with data from the test. We then come 
to “General Description of the Economiser and Superheater,” 
and in this way general descriptive matter, data, and calcula- 
tions are all mixed up together in the most extraordinary 
manner. The attempt akso to regard the boiler, economiser 
and superheater as entirely separate is most confusing. 

I have to confess that, if only because of the continual 
(^oss references, I have been compelled to buy a number of 
copies of the Code and cut them up vrith scissors, sj that 
all the references to each point could be stuck on one large 
sheet o^ paper, and in this way to dissect Uie Code into a 
large number of separate sheets, so^as to read it easily. For 
example, t^e question* of au>ciliary steam or power ha*s five 
different reference.s, and the particulars relating to the calcula- 
tions based on the full ^chemical anjvlyses of the fuel and the 
flue-gases are hopelessly involved. The American Mechan- 
icals Code is infinitely superior ii; this respeetja^nd is, provided 
with an admirable index. • ^ \ 

In studying the Civils Codt at great length, one is com- 
$ ^ 
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pelled to come to tW conclusion first, that it applies only, more 
or less, to the years 1897-1901, the time of its original forma- 
tion — and little alteration seems to have been made in 1913, 
so that it is about twenty years out-of-date — and secondly 
that the Committee apparently have had in mind only acc^emi^ 
tests on small boiler plants of one boiler or so. The attempts 
to apply the Code to moderate sized boiler plants, and espe- 
cially to very large plants, like twenty “ Lancashire” boilers or 
equivalent, prove it to be ludicrously unpractical, as I hT)pe to 
show. 


D. BROWNLIE. 


2 Austin Friars, 
London, E.C. 2. 
March ^ 1922. 
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PART I. 


THE*RESULTS AT PRESENT BEING OBTAINED 
ON BOILER PLANTS IN GENERAL. 

The new Code suggested in this book as a basis for an Inter- 
national Code is the result of fifteen years’ continuous experi- 
ence of boiler plant testing, comprising several thousand 
tests, during which time the methods of testing, and calcula- 
tion, used Irwe been gradually altered and improved until 
the Code has arrived at its present form. 

There has not hitherto been much reliable information 
available as to the actual results being obtained in practice 
from week to week on the boiler plants of Great Britain. 
Much of the data obviously only applies to special test con- 
ditions, where everything is particularly favourable, especially 
^as regards attention, quality of fuel used, rate of evaporation, 
repair of brickwork, etc., for obtaining the best results^and 
such data gives an entirely false impression as to the real 
figures th|t are being obtained in practice. ^ 

Thus Donkin, in his book H^at Efficiency of Steam 
Boilers,” gives fifty t^jDles containing the results of 42 J ex- 
jpeiiments on different boilers, ^'hese results are summarised 
Lprfpage 2 (being for the-^boilers only^, without economisers). 

C-, . The figures are, in my opinion, very much too high for 

average working conditions. It will be n' 5 )t^d thc^J: they 
Ripply to boilers only, without ec^noAiisers and. superheaters, 
- and we h^e extraordinary results 11 L 3 72 p^r (Ant. efficiency 
'Tof ten experiments on a “Lancashire” boilei^ only, whereas 
ISfb? ejcpoimtJnts *on a “Lancashire” Boiler showed 62-4 per 

. ' ■ T * • • 
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|!ent,*which is still a vefy high figure, and such as could only 
obtained with the best attention. These figures, however, 
>ho\V the great variation being obtained, and in 107 Lanca- 
shire” boiler tests, for example, we have figures from 42;i.to 
79-5 per cent, efficiency. 


Type of Boiler. 


Water-tube, 
Locomotive 
Lancashire 
Two- storey 

n 

Dry back 
Return tube 
Cornish . 

Wet back 
Elephant . 
Water-tube, 4 
Lancashire 
Cornish . 
Lancashire 
Dry back . 
Lancashire, 3* 
Elephant . 
Lancashire 
Vertical . 


in. tube 


flue 


bes 


No. of Ex- 
periments. 

Average 

Efficiency. 

Average of 
Two Best 
Results. 

Worst 

Result. 

0 


Per Cent. 

Per Cent. 

Per Cent. 

6 

77’4 

84*1 

66-6 

37 

72-5 

83*3 

537 

10 

72’0 

74*4 

65*6 

9 

70*3 

76*1 

57-6 

29 

692 

79*8 

• 55*9 

24 

69*2 

757 

647 

li 

687 

81*2 

56*6 

■ 25 

68-0 

817 

53‘0 

1 9 

67*0 

81*0 

55 ‘o 

i ^ 

66 'o 

69 J 

62'0 

! 7 

65*3 

70*8 

58*9 

i 49 

64*9 

ITS 

50*0 

1 40 

64*2 

73'<> 

51*9 

i" 3 

62 7 

65*9 

600 

107 

62*4 

79*5 

42-1 

i 6 

6i’o 

73’4 

54*8 

■ 6 

59*4 

667 

52*0 

; 8 

58-5 

65 ’5 

54*9 

1 8 

57*3 

743 

45*9 

i 5 

1 

56*2 

7h’5 

44'2 


W. S. Hutton, in his book, » Steam Boiler Construction 
(1916), gives data for the performance of various types of 
boilers “ which' may generally be obtained in practice with 
boilers having tolerably clean heating surfaces, when firpd’, 
with good coal,” as follows:-^ * • *> 


Type of Boiler. 


No. of 




Evaporation. * Pounds of Wntfe j 


# . 1 ' 

Lancashire • . 

a 0 2-. 

Cornish • /• > 

0 7 

Egg-ended . f . , . 

• 0 6 

Vertical . % • • 

15 

Water-tube 

•73 

• • 

a 4 r- 


8*25 to I-2*02 

775 m, ir 56 

6 52 „ < 5 * 5 ^ 


5'57 ,» 10*2* 
^7 02^^, r3»40 
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Again, some figures supplied by Moles worth 


Description of Boiler. j 

j 

Pounds Water from and 
at 212° F. Evaporated 

Per Lb. Average Coal. 

»Egg-ended 

8-0 

Cornish j 

8*0 

Lancashire . . . . i 

9*0 

Water-tube . . . . ! 

80 

Ordinary Marine 

9’5 

Tubular l 

9‘5 

Locomotive . . . , ; 

10-5 

Torpedo boat . . . ' 

i3’o 


Andre states that i lb. of the coals mentioned will evapor- 
ate, unde^r ordinary practical conditions, the following amounts 
of water : — 


• Quality of Coal. 

Evaporation. 

Pounds of Water from 
and at 2i2‘'‘ F. 

Gaseous coals 

b’25 

Bituminous-fuliginous . 

8-00 

Flaming .... 

S75 

Clear burning 

9*25 

Semi-bituminous . 

9' 10 

Anthracite .... 

9'20 


A particularly ludicrous statement, in a recent (1920) 
Chemical Pocket Book/’ is as follows : — t 

. “The efhciency of a boiler should be as near to 80 per 
. cerU, as yossible, this figure being considereci excellent. A 
more usual figure is 70 per cent, which is quite good. The 
;Wter from ajid at pcrib. of combustible is a good 

of the efficiency of a boiler, and under normal con- 
rations should be about 1^2 0 lbs.” • 

P|x^,fn'gener1il, and quite apart from academic absurdities, it 
realised how bad are the fyjures for th(?averagp boiler 
• Thus, among practical# engineers, it^is usual to 
I lb. of average coal ev^aporatjs y to 8 lbs. of 
pt^ffbm ^d «at 212° P*., aivi, for examplet most engine/ 
- fitke a figure of 8*0 in ^calculating the steapi 
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consumption of their engines and the size of boiler plant 
necessary. In my experience such figures are much too high. 
Some of the present authorities are also of this opinion, and, 
for example, the figures given in Keeipe (“Engineers’ Year 
Book, 1920 ”) are as below : — ^ 


Description of Boiler. 

Small cylindrical boiler (no economisers) 
Large cylindrical boiler with economiser 
Small water-tube ,, „ ,, 

Large ,, ,, „ 

In very good condition . . . . 

Locomotive boiler, moderately fired 
Marine boiler, well fired 


Efficiency, 
Per C^rt. 

45 to 55 

f 5 o ,, 70 
50 ,, io 
70 

70 to 75 

fi5 M 7« 
60 ,, 70 


Most of the exaggerated opinions as to the figures for the 
performance of steam boiler plant seem to be due to the fact 
that it is not realised how important is the quality of the fuel. 
The performance figures of any boiler plant (impend largely 
on this point. Thus, as I will discuss in detail later, if a coal 
of 12,000 B.Th.U. deteriorates, say 10 per cent., to 10,800 
B Th.U., the loss in evaporation in practice is much more than 
IO per cent. The difficulties caused by the accumulation of 
ash, and the reduction of radiant heat causes a much greater 
drop in evaporation than that corresponding to the mere reduc- 
tion in heating value, and the net reduction is, say, 15 jfer 
cent^to 17I per cerft. instead of 10 per cent. 

In the same way, an iricrease in heating .value of IO per 
cent, say from 12,000 B.Th.U. to 13,200 B.Th.U., gives more 
than the mere 10 per cent increase in heating value, because 
of fhe greater freedom from ash aod the increased radiant 
heat. These facts must, thefefore, be borne ifl^mind in jon* : 
sidering the figures given on the different types of plants. • ( 

For example, Bryan Donkin and A. B. W. l 4 ennedy pubf^ 
lished, in iSpf (“ Experiments on Steam Boilers,” Offices 
“ Engineeriifg ”), the rosult!^ of a series of experiments on theSj 
performanc^f a numliei* of^types of steam boiIers^omprisin|^’f 
twenty-one sapirate determinations, and including ** Verticalylii 
“Tubulaf,” “ Lancaihire,”t^“ Locomotive,” ^ \Y§ter-tubc,^: 
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“Cornish,” “Cornish Multi-tubular ” and “Elephant” boilers. 
These experiments, however, do not give us much data of 
practical value, because they were carried out under ideal con- 
diUons with coal of extraordinarily good cjuality, namely, the 
ftnest Welsh steam coal. Thus the heating value of the dried 
coal was no less than 15,560 B.Th.U. per pound, with only 
3 per cent, ash, and the theoretical evaporation of i lb. of 
the dried coal from and at 212" F. was given as i6*i lbs. of 
water.^ As typical of the figures obtained, a “Lancashire” 
boiler gave 70*4 per cent, efficiency without economisers, and 
9*92 lbs. of water evaporation per pound of coal. A 
“Cornish” boiler showed 78*3 per cent, efficiency with ii'4 
lbs. of wwter from and at 212" K. per pound of coal, whilst a 
“water-tube” boiler showed 74*4 per cent efficiency and 
9*90 lbs. of water per pound of coal. 

These remits obviously only apply to purely abnormal 
conditions, and are of little use in arriving at average figures 
for boiler plants as generally working in industry. 

The firm with whom I am associated have been engaged 
continuously for the past dozen years or so in carrying out 
complete scientific investigations into the working of steam 
boiler plants in Great Britain, and also in reorganising existing 
pTants or erecting new plants. From 1908 to the present time 
we have tested nearly 500 different boilcf plants, with a^total 
annual coal bill of about 4,000,000 tons, and made a personal 
examination (without testing) of about 2000 plants wiih a 
total coal bill of about i 5,000,000 tons per annum. 

. I have at the present time the tabulated results o? the 
ijogiplete scientific investigatioif of 400 different boiler plants, 
.•Wtth a total coal bill of 5^250,000 tons per annum, the number 
i of boilers being 1513, in forty-one different industries, as 
jSetailed on page 6. % 

Before discussing the result!^ obtained, 1 .^bould* like to 
rgive a short account of the methods* i^ed in carrying out the 
which were in each case of the moft comprehensive 
not a mere inspeefton and expression ^f opinion 
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t ». ■ • . 

in the sense used by certain Fuel Economy Associations or 
Organisations. ^ 

’ A detailed test of the plant was made first for one work- 
ing day, and a further test for one weejc was carried out a§ a* 


Aniline dye manufacturers 
Breweries 
Calico printers 
Carpet manufacturers 
Cement „ 

Collieries (including several 
Cotton bleaching 
„ mills 
,, piece dyeing 


steel w 


orks) 


„ yarn 

Dyeing and cleaning 
Electricity station . 
Engineering 
Explosives 

E'ine organic chemicals . 
Flour mills 
Food products . 

Glue manufacturers 
Hat ,, . . 

Heavy inorganic chemicals 
Hosiery mills . 

„ dyeing 
Hospitals 

India-rubber manufacturers 
Jute mills 

Lace „ ... 

,, bleaching 
Laundries 
Linen mills 
Paint manufacturers . 

Paper mills 

Potteries . . . . ' 

Pumping station 
Residential nansions 
Soap manufacturers 
Silk dyeing and printing . 
Tanneries 
Textile, special 
Woollen mills . 

„ yarn dyeing ^ . 



i 


Total 



check oif the f gures for the ^el used and the water evapoj^l^^ 
and to ascert^n the we«kly conditions, including 
losses due to sV)i9page of plant, etc. 

It will^ clearly understood that the object of 
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was to find out the exact normal everyday working conditions 
of the plant, particularly as regards efficiency and the cost in 
coal for the production of a unit of steam (evaporation of 
.^qoQ gallons of water), so that a scheme of reorganisation 
ciOpldlDe devised for the more economical production of steam — 
that is tf> say — these figures represent the true performance of 
the plants as run from week to week, and the boiler-house 
staff worked the plant as usual. 

Intcarrying out the tests, the water level in the boilers 
and the general condition of the fires was the same at the end 
as at the commencement of the test. With regard to the 
details of the carrying out of the tests we have : — 

Weight of Fuel Used. — This was determined in the 
usual various ways, depending on the circumstances of the 
case, from weighing the fuel in barrows or bags, to weighing 
carts and railway trucks direct. 

Analysis of Fuel— As is well known, it is an extremely 
difficult matter to get a thoroughly average sample of coal, 
especially when there is variation in the quality, and we took 
the greatest care in this respect Samples were taken every 
half-hour by the clock, and also every hour and placed in 
separate receptacles. At the end of the trial the accumulated 
hourly and half-hourly samples were broken up, thoroughly 
mixed, quartered, and so on, as usual, s<^veral pounds being 
finally taken in sealed tins for analysis. There were •thus 
obtained two entirely independent samples of the same fuel. 
In the S£(?ne way we took samples of coal e^'cry day during 


the long check test as^a check on The figures for the^day. 
ijhe'twq days* samples were Ihen analysed separately, and ■ 
|^4verage figures take^j. If more than one quality of fuel 

on^the test, each separate quafity had two independent ^ 
taken as above described, so that in some cases on a ! 
trial as many as six different samples were anal)ised and . J 
^Jj^ults averaged. * ^ ^ J | 

^‘■^s'regards the analysis of tht coal, the l^ating value was / 
•by • means of ai»^ oxygen bomb calorimeter/ 
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C> 

0 

(** Mahler-Donkin *'). The bomb type of calorimeter is, of 
course, acknowledged to be the standard scientific instrument 
foF accurate heat determination, and the method consisted in 
burning the damp fuel (as fired) in a platinum-lined gunmetah 
bomb in oxygen at about 450 lbs. pressure per sQ. ig. 
The ignHion is made inside the bomb by means (5f a fine, 
platinum wire heated by outside electric contact. If plStinum 
wire was not obtainable, fine iron wire was used, and a correction 
made for the heat of combustion of the iron to iron<)xide. 
The bomb is covered with a known amount of water at a 
known temperature, and after ignition the rise in temperature 
observed with a thermometer graduated to ,o/C. As the 
combustion is instantaneous and totally enclosed, th^ heating 
value is obtained direct without any corrections being required. 
Further, the combustion is always complete, which is not the 
case with many inferior types of calorimeter. ^ 

As I will discuss later in detail, there is much confusion 
with regard to the method of expressing the results. In a 
bomb calorimeter of this description the moisture in the coal, 
and the moisture formed by the combustion of the (organic) 
hydrogen in the coal, are driven off as steam and condensed 
again in the bomb, so that the whole of the heat is retained 
and included in the heating value. In actual practice, ho\ 9 - 
ever, when the coal .is thrown into the furnace, the water is 
driven off as steam and teqds to escape, and to pass away in 
the chimney base at the same temperature as the gases, say, 
at an average eff 400° F. Thus the gross heating value as 
obtayied by the bomb is’slightly higher than the real heating 
value that would be obtaine^d in practice baciuse of this 
loss of heat due to steam escaping i|r the gases. In view^pf^ 
these difficulties 1 have, in each case, taken tl<p higher 
gross heating plue, that is, the heating value as actual!^ 
obtained by Jhe combugtioii of the damp coal in the bomb^ 
calorimeter. ^ 

With regar^ 4 o the percentage of ash, this was determinj^^; 
\by complete combustion in |!ie muffle furnace, • so ^thaJJ th^S 
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figures given for the amount of ash represent the real non- 
combustible matter, not allowing for any slight loss that might 
take place by the volatilisation of a portion of the ash. The 
*petcentage of ash obtained from the boiler plant will, of course, 
aiways in practice be slightly higher, as it is impossible to 
obtain ?:omplete combustion of the ashes, and under good 
average conditions there is always, say, i to 2 per cent, of 
combustible matter in the ash as thrown away on the ash 
dumps. I may say, however, that in scores of boiler plants, 
there is a big loss in this direction, and it is quite possible to 
find as much as 5 per cent., or even up to 10 per cent, of 
combustible matter still retained in the ash. 1 have actually 
come across several instances where one works has bought 
ashes from another works for road-making, etc., and then used 
these ashes as fuel under the boilers. 

Water Evaporated.— Various methods were used, de- 
pending on circumstances, to measure the water evaporated, 
but generally the method adopted was the use of a well-known 
make of pressure type hot-water meter calibrated before each 
test, and working between the boiler feed pump and the 
economisers. 

Moisture in Steam.— Another difficulty, which I will 
cfiscuss in detail later, in boiler plant testing is the kict that 
non-superheated steam always contains « certain amount of 
moisture, varying from o to 5 per cent., ajiart from priming, 
that is water from the boiler plant which has not been con- 
verted to steam. Theoretically, therefore, •tlie amount of 
moisture in the steam i^ould be dct*crmined and this amount 
. deducted (with suitable temftjrature allowances) from the 
etiporation in calculating the true performance of the boiler 
f^piant The practical difficulties in the way of this are, 
k^Kpwever, very great, and on this account, ii|ost boiler tests 
yarn carried out without deternfining the mc^'sturtf in the 
ajjd we have followed tha general paactice in this 

of Feed- Water.V-Sam pies of the ffeed-water 
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'were taken every half-hour during th» day*s test, and good 
average samples obtained in this way. The samples were 
analysed by the “ Wanklyn ” soap test method before and after 
boiling, giving the permanent and^ temporary hardness,* 
although in exceptional cases the full ^ientific analysis df th^ 
feed-water was carried out in the usual lines to determine the 
parts per 100,000 of calcium and magnesium bicarbonate and 
^sulphate, including the total solids, etc. I may say that in 
my experience the scap test is a very convenient method, 
although somewhat despised by most chemists. 

Temperature of Peed-\A/^ater. — On the day’s test, the 
temperature of the feed-water, before and after the economisers, 
was taken every half-hour, or oftener if the variation ^as con- 
siderable. For this purpose we generally used calibrated 
mercurial thermometers, as the ordinary economiser ther- 
mometers, supplied with economisers are not very accurate 
after months of work. * 

Draught Measurement.— On the day’s test the draught 
was taken every half-ho.ur, in various convenient positions on 
the boiler plant, such as the side flues of “ Lancashire ” boilers, 
the main flues, chimney base, before and after the economisers, 
and other similar positions. A ^-in. wrought-iron pipe was 
inserted into the middle of the flues in each case, and tht* 
draught taken within ordinary draught gauge of the glass ; 

’’•tube type. 

Temperature of the Flue Gases. — For this determination 
a well-known nmke of pyrometer was used, of th^ thermo- 
electrjc type, with platiniTm-iridium and platinum junction, ih 
a porcelain tube enclosed in# a steel tube, and connected' 
through standardised coils of wire tg a voltmeter graduatii^^ 
direct from 212" to 150^)° F". The instrument wtfs arirahg^^ 
^with a two-way^switch, two coils of wire, and pyrometei^' W 
, the flue before and after the economiser, so that the two 
fngs could be^taken pr^ticaTly simultaneously. Before 
■ test the instrumeits were calibrated by determining^;thfe:S^P 
Jihg-point 9f some substance of high boiling-iic^t ' 
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aniline, using for the purpose a special form of iron condenser. 

As usual, on the day test the readings were taken every half- 
hour. 

• Percentage of COgin Flue Gases.— In each case some 
reputable make of Combustion Recorder was fitted on the plant, 
and the;^ercentage of CO2 recorded at the rate of about 20 
analyses per hour on a chart, along with the time of the 
analysis. One week's run was taken in this way in each case. 
Satnples of the gas were taken from the side flues or the 
downtake of each boiler in rotation, allowing as a rule about 
twelve hours (say 240 analyses) on each boiler, so that at the 
end of a week a very good average was obtained. We also in 
many cas^s fitted up an apparatus for taking a large volume 
of the flue gases, say 1 5 to 20,000 c.c., very slowly during the 
whole day’s test, so that at the end of the trial this 1 5 to 20,000 
c.c. represent(jji fairly the average during the day. The 
apparatus was then taken to our laboratories and the contained 
gas analysed by means of the “ Orsat ” apparatus to determine 
the percentage of CO (carbon monoxide) after the CO2 and 
the oxygen had been absorbed in the usual way. 

Steam Pressure. — On the day’s test the steam pressure 
was taken every half-hour, or oftener if there was a consider- 
flJctuation. 


Temperature of Superheated Steam.»— On the day’s test 
rthe temperature of the superheated steam was taken every 
, half-hour with a calibrated mercurial thermometer, as, like 
jCConomiser thermometers, the thermometers iif continuous use 
gl^ith superheaters are sejdom very accurate. , 

Steam,— With rtgard to the steam or power 
as auxiliary to the production of steam, in the case of an 
the indicated horse-power of the engine was taken, and 
type of engine in use a very good ide^ was obtained 
amount of steam used. Thiw, fey the ordinary ehclosed, 
^^|^C|jd-lub^cation, high-speed enginp^for driving forced or 
^®^^;.:draught fans, an average figure is §5^1bs. of steam \ 
^^^iplIj^ted*horse-power. In ^he case of a motor»drive the 
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power used is, of course, very easily determined by measuring 
the amps, and the volts. The real difljculty is in connection 
with the amount of steam used in the form of steam jets either 
under or over fire-bars, and for this we used the spefiaf 
apparatus described later (p. 107). * 


Unfortunately, I cannot give the detailed figures for the 
performance of each of the 400 plants, since the amount of 
space occupied by such a mass of figures would be outside the 
limits of this book. * 

In the first place, however, the true average net ivorking 
efficiency of the ivhole of the 400 tests 58 per cent., and I feel 
sure that these can be taken as thoroughly representative of 
the boiler plants of Great Britain, since, in addition to this 
large numbers of tests carried out in many different industries, 
the 2000 plants we have inspected, representing, as already 
stated, a coal bill of 15,000,000 tons per annum, were all 
found to be working on the same general lines. 

The figures can be divided as follows, the highest individual 
plant being 83-21 per cent and the lowest 32-50 per cent:— 



Net Working Efficiency. 

No. of 


(Boilers, P-conoiniscrs and Superheaters.) 

Plants. 

I. 

80 per cent, and over 

. . 2 

2. 

75 >1 >»»'>' • 

. ^ 9 

3 « 

7 ^ »*»»»»)»• ’ • • * 

• 17 

4. 

65 .1 >1 .» M* 

. . 58 

5. 

60 II M M • . •. . 

69 

6. 

55 >> M l> 1' • 0 • 

. •«. 96 

7. 

5 ® M l» •! »» • • • • 

. 80 

8. 

Below 50 per cent. . . . • . 

69 


Total 

■ — *■ 

« 400 


I g^ve (“ Coal Savi^ig the Scientific Control of Steani; 
Boiler Plants,” “ Engin#egin^,^' 12th and 19th July^ipiS) 
true average fg^res for 250 of these plants (lOOO 
and 2, 1 66»ooo tons of poal pef annum) as foflowS 



RESULTS AT PRESENT BEING OBTAINED 13 

Average of 250 Typical Boiler Plants. 

L Working Day's Test : — 

Type of boiler “Lancashire” 

Number of boilers 4 

Grate area 152*6 sq. ft. 

l^uration of test 9-43 hours 

Amount of fuel used 30,131*72 lbs. 

Analysis of fuel used : — 

^ British thermal units 11,822 

Ash 11-5 per cent. 

Fuel burnt per boiler per hour .... 798*8 lbs. 
n „ ,, square foot of grate area per hour 20*9 ,, 

Water evaporated 197,776 lbs. 

,, ,, per boiler per hour . . . 5243 ,, 

,, ,, ,, square foot grate area per 

hour .... 137*4 

,, ,, „ lb. fuel .... 6*56 ,, 

Equivalent evaporation from and at 212'^ F. per 

lb. fuel 7*46 lbs. 

Equijfalent evaporation from and at 212'^’ F. per 
1,000,000 British Thermal Units . . . 631*0 lbs. 

Temperature of feed- water before economiser . it 6° F. 

I, ,, ,, after ,, . 193° ,, 

Percentage of fuel bill saved by ,, -7*1 ptr cent. 

Draught in side flue 0*40 in. W.G. 

,, ,, main flue at exit of economisers or 

chimney base .... o*8o ,, ,, 

Temperature of flue gases before economisers . 598^ F. 

„ „ „ „ after „ . 478'’ „ 

Percentage of CO., in flue gases from side flue of 
boilers by means of combu.stion recorder . . 7*6 per cent. 

Steam pressure : — 

Lbs. per square inch (gauge) . . .89 

,, „ „ „ (absolute) . . . 104 

Temperature of saturation of steam . . . 330’5" F. 

I, ,, superheated steam . . . 346’5^ ,, 

Steam or power used as auxiliary to the produc- 
tion of steam 2*4 per cent. 

Thermal efficiency ^ 

(rt) Net working efliciency complete, after 
deducting 2*4 per cent, steam or power 
0 used as auxiliary to the production of 

steam (m'oq per cent. 

ib) Boilers only . . . • , • • 5671 

(r) Economisers on^ 4*35 

(<i) Superheaters „ . . . ()'5i 

‘B. Long Check Test (one wjek of 7 days) : — 

Duratiooi % . 167*5 hours 

Amount fuel used 128*25 tons 

Water evaporated 184,435*0 galls. 

„ „ per lb. coal .... 6*1^2 lbs. 

4 * 

Taking separate industriCsS, 1 ,g^ve in “Engineering” 
^^25th July and 1st August, 1919, “Exact Daja on the Run- 
pf jSteJm Boiler Plants, ^s-o. 2. The Perfo«mance of 
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Colliery Steam Boiler Plants ") the 'detailed figures for tb 
tests of loo different colliery boiler plants, representing syc 
boilers with an annual coal bill of 1,250,000 tons. Thesf 
colliery plants were situated as followis 


figures for these 100 tests are given 


Lancashire . 

^ Derbyshire . 

Gloucestershire 
Notts . 

Shropshire . 

Scotland 
South Wales 
Staffs . 

Yorkshire . 

Warwfckshire 

The true average 
below : — 

A. Working Day'^s Test : — 

Duration of test . 

Type of boiler . 

Number of boilers . ’ 

Grate area 

Number of tubes in economiser 
Analysis of coal used:— 

B.Th.U. 

Ash ... 

Amount of coal burnt 
Coal burnt per boiler per hour 

M M M sq. ft. grate area per hour 
Draught : — 

Chimney base 

Side flues • • . . . 

Temperature of flue gases : — 

Before economiser . 
t After „ . . ; 

Percentage of COg .... 

Total water evaporated . 

Water evaporated per boiler per hour 

Temperature of^feed-water : 

Before economiser .... 

After ,, . 

^ Per cent, saving due to economisers . 

Steam pressure gauge . . • , 

Temperature of saturated steam . 

1, „ superheated steam . " 

^^ofTteam^°'^^^ i^sed as auxiliary to the production 

Lbs. water pe^ lb. coal ‘ ’ . ’ 

M < M from and at 212° F^per lb. coal* I 

Efficiency :L*’ ’’ ” » ^ » 'Wooo B-Th.u: 

(<») Net working * 


14 

8 


8 

17 

26 

17 

I 


i 


Boilersionfy 
. ^onomisers only 
0 Superheaters • 


9 68 

Chiefly “ Lane,” 
Average 57 
217*6 sq. ft. 
Average 50. 

10,500 

15*5 per cent, 
39,hi5 lbs. 

. 721*5 M 

i8*9 „ 

0 95 ins. W.G. 

690^ F. 

660° „ 

^ 7'5 per cent. 

* 21,693 gals, 

39^ gals. 

137® F. 

154° »» 

pet cent, 
^se.ibs. ; 
328V F. 

^50*6® „ 

1*8 per cent; 

5*44 lb8» 

578:1 „ 


■r* 
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B. Long Check Test {one week of •] days ) : — 

Duration of test . i68-oo hrs. 

Amount of coal burnt 235 2 tons 

„ „ water evaporated 273,990 gals. 

Water evaporated per lb. of coal yig ibs. 

Approximate annual coal bill 11,800 tons 

% 

The figures can be divided as follows ; — 


Net Working Efficiency. Nq 

(Boilers, Economisers and Superheaters.) Plants, 

1. 80 per cent, and over o 

2 . 75 .. .. M 

3. 70 „ M I 

4- >* M 4 

5 - 60 M n 9 

6* 55 11 M »» I, 29 

7 - 50 „ 22 

8. Below 50 per cent. 


Total .... 100 


The average net working efficiency of 55*52 per cent, is the 
lowest of any industry in the country, altliough not so low in 
comparison as is generally suppo.sed. One reason why the 
efficiency of colliery boiler plants in general is lower than the 
^average, is that there is still at work a number of the grossly 
inefficient “egg-ended” boilers. 1 will deal later with the 
efficiency of different boilers, but out of the 570 boilers in 
these 100 colliery tests, 37 boilers were of the “egg-ended” 
.variety, 500 being “Lancashire,” 31 “water-tube” and 2 


.^speqial boilers. The second reason is that coal at the collil^ry, 
,^iuntil a few years ago, was so cheap as hardly to be worth 
■^ying, an(f consequently the boiler plant was aegarded as even 
I®®® than usual, whilst also to some ej^tent 

ilgi^rior coal m used. * ^ 

“Chemical Irade Journal” of August and 
pfptember, 1^920 (“Coal Saving in the Chemical Industry”), 
detailed figures for the te.sts of^sixty different 
Pl^ical works* boiler plants, re[ycsenting 236 boiUrs with 
^p^nu^l coal bill of 620,000 ttfns ger annun# The true 
jigllres for these sixty tests are as follpws : — 
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A. Working Day^s Test : — 

Duration of test . 

Type of boiler 
^ Number of boilers 

Grate area .... 

Number of tubes in economiser 
Analysis of coal used ; — 

B.Th.U 

^ Ash 

Amount of coal burnt . 

Coal burnt per boiler per hour 
u M M sq. ft. grate area per hour 
Draught : — 

Chimney base .... 

Side flues .... 

Temperature of flue gases : - 
Before economiser . 

After „ ... 

Percentage of CO3 
Total water evaporated 
Water evaporated per boiler per hour 
Temperature of feed-water : — 

Before economiser . 

After ,, ... 

Per cent, saving due to economisers 
Steam pressure (gauge) 

Temperature of saturated steam . 

„ „ superheated steam ... 

Steam or power used as auxiliary to the production of 
steam 

Lbs. water per lb. coal 


from and at 212® 


Efficiency : — 

(a) Net working .... 

(b) Boilers only .... 
(f) Economisers only 

(d) Superheaters „ ... 

Long Check Test {one week of 7 days) ;■ 
Duration of test (hours) 

Amount of coal burnt (tons) ' 

Amount of water evaporated (gallons) . 
Water evapor^ed per lb. coal . ^ 

Approximate annual coal Jbill 


I", per lb. coal 
„ „ 1,000,000 B.Th.U 


9*2 hrs. 

Chiefly “ Lane.” 
Average 3*9 

156 5 sq. ft. 

Average 300^ 

11,350 ^ 

12 per cent. 
38,025,Ibs. 

1059*8 „ 

26-6 „ 

070 in. W.G. 

0- 38 „ „ 

650® F. 

450'' „ 

8‘0 per cent. 
23,358 gals. 

651 „ 

103" p'. 

21.5” „ 

io‘i per cent. 

102 lbs. 

339*2® F. 
384*2® „ 

C'l per cent, 
frilbs. 

7*0 „ 

6167 „ 

57*9 per cent. 
54*2 „ „ 

6*1 ,, ,, o 

1- 3 „ „ 


164-5 

I45’62 

tf9i8*95 

5*89 

10,596 tons 


These figures for the chemicar industry can be divided 
as follows : — < 


Net Working Efficien«y. 

(Boilers, Economisers, and Superheaters). 

1. 80 per cent, and over 

2. 75 „ 

«3. 70 „ „ 

4- 65r„ „ 

5- 60 „ „ 

e. 55 „ CM 

7 - 50 n „ .. .. 

8» Below 50 per cent. 


. Total 


No. of 
Plants. 
O 

4 

3 

12 

9 

>3 

9 

20 . 



;; ilESliLTS AT PRESENT BEING OBTAINED / 17 

. Taking again another group of allied industries, that of 
Idyeing, bleaching, calico-printing, finishing, and dyeing and 
cleaning, in the “ Textile Manufacturer” of August to March, 
I^2]j,(“Coal Saving by Modern Methods of Steam Genera- 
tioij^}; 1 give the detailed results of sixty-five boiler plants in 
• thes^ii(idustries, representing 217 boilers with an annual coal 
*bill of 275,637 tons per annum. The true average figures for 
these sixty-five tests are as follows : — 

A. Working Day's Test : — 

Duration of test 8*30 hrs. 

Type of boiler Mostly “ Lane.” 

Number of boilers Average 3*3 

Grate area ti8-6o sq. ft. 

Number of tubes in economiser . . .Not stated 

Analysts of coal used : — 

B.Th.U 11,950 

Ash 10*5 per cent. 

Amount of coal burnt 20,776 lbs. 

Coal burnt per boiler per hour .... 758*5 ,, 

„ „ ,, %q. ft. grate area per hour . . 21*17 m 

Draught : — 

Chimney base 0*83 in. W.G. 

Side flues 0*39 ,, „ 

Temperature of flue gases before economiser . F. 

M M 11 It after . qGo° „ 

Percentage ot C( ■•> . . . . . . 7*8 per cent. 

Total water evaporated 13,829-9 gals. 

Water evaporated per boiler per hour . . 504-8 ,, 

Temperature of feed-water : — 

Before economiser . 112*5° * 

After It 202-5° ,, 

Percentage saving due to economisers . . 8-3 per cent. 

Steam pressure (gauge) 70 lbs. 

Temperature of saturating steam . 3i6'5° F. 

„ ,, superheated steam . . . 355*0° „ 

Steam or power used auxiliary to the production 
of ste^An . 1 . . . . . 2*0 j«r cent. 

Lbs. water per lb. coal . . , . . 6*65 lbs. 

„ ,, from and at 212° per 1,000,000 

__ . 0 B-Th.U. . . , .7*60 „ 

Efficiency 

• (a) Net working . . . . Or ‘it per cent. 

(6) Boilers only 56*33 „ 

(c) Ecoevomisers only 5 •15 „ 

:/((#) SUpefheatera i-i8 „ 

Cheek Test (one week of 7 da) j) .* — ' 

JhJfation of test . . . . # . . 163 *93111-?. 

^Amount of coal burnt . . . 83*82 tons 

vwter evaporated . . . . 167,717 gals, 

evaporated per lb. coal . .. . . 6*5ftis.. 

coal* bill . . 4240 tons ^ 


2 «> • 
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The fig^Lires for the dyeinor, bleaching, calico-printing 
finishing, and dyeing and cleaning industries can be divide 
as follows : — 


Nft Woikint; KHiciency. 
(Boilers, Kconomisers mid Superheaters.) 


T. 80 per cent, and over 



75 M „ 



3- 70 M ,» „ 



4 - 65 ,, 



5- 60 M n „ 



6 . 55 „ 



7- 5« « M „ 



8 . Below 50 per cent. 




No. of 
Plants. 

« 

I « 

0 

^ .. 

12 p 

14 

12 

16 

6 


Total . . . 65 

Finally, T gave in the Annual Number (1921) of tin 
“ Papermaker ” (March, 1922), the figures for the paper 
making industry (“Coal Saving in the Papermaking Industry 
by the Scientific Control of Steam Bt)ilcr Plants”), represent 
ing forty boiler plants with 112 boilers and an annual coa 
bill of 291,145 tons per annum. The true ayerage figures fo 
these forty tests are as follows : — 


A. Working- Day's Test 
Duration of te.st . 

Type of boiler 
Number of boilers 
Grate area . 

Number of tubes in economiser 
Analysis of coal used : — 

B.Th.U 

Ash 

Amount of coal used . 
f Coal burnt per boiler per hour 

M M sq. ft. grate area per hour 
Draught : — 

Chimney base . 

Side flues 

Temperature of flue gas^s : — 

1 Before economiser . 

After „ 

Percentage of CO.j . . * 

Total water evaporated 
Water evaporated per Jroiler per liour 
Temperature of feed-water : — 

Before economiser . 

After ^ ... 

Pc.centage saving due to economiser 
Steam p^ssure (gaugef • 

Temperature of satura|te 4 steam . 

„ superheated fteam 

Steam or }»3wer used auxiliary to production of steam 
Lbs.0water per lb. coal . • . , * 

M ,, from and fit lb. coal 

1,000,000 ^.Th.U, 


ir'i2 hrs. 
Mostly “ Lane.” 
Average 2'8 
102 ’87 sq. ft. 
216 

IL 530 « 

1275 per cent. 
236,005 lbs. 
757'9 „ 

20'6 ,, 


o 


'*05 in 

••45 » 


in. W.G. 


600° F. 

. 414° F. 

8'o per cent. 
16,873-4 g^Ia, 
54 i '9 ,» 

• 143° F. 

270® „ 

1 1 ’9 per cent. 
104 lbs. 
340**° F, 
^6o-o® „ 
375 per cent. 

' 7-15 lbs. 


if »i 
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• 


Efficiency : — 

/a) Net working 
(/;) Boilers only 
(p) Economisers only 
{( 1 ) Superheaters ,, 

’ * L-'ntr Check Test 

i’.puration of test . 

./^.t,iount of coal burnt . 

,, water evaporated 
Water evaporated ])er lb. coal 
Approximate annual coal bill 


05*07 per cent. 

5«‘9r „ ,, 

tS*or ,, ,, 

o*0(j ,, ,, 


I5S-.S hrs. 
T25’0i tons 
T<S(j 124 gals. 
672 lbs. 
7278 tons 


The figures for the papermakiiig industry can be divided 
as follows 


Net Working HUicicncy. No, of 

(Boilers, liconmnisers and Siiperhealers.) I’laiits, 

I. 80 ]''er cent, and over 

^ n 0 „ I 

3 * 70 *) »- M I 

4 * (^5 .. 1. 0 

5 * >» ). i» 7 

55 11 1* H 10 

7 * 50 M » „ 8 

8. Below 5^ per cent 7 

Total . . . ,jo 


I am also tabulating similar figures lor various other in- 
dustries, particularly cotton and woollen manufacture, and the 
general results are almost identical with the four industries 
already given. 

The .striking fact, as will be .seen, is that, in averages, in- 
dividual boiler plants are working at all kinds of efficien^es, 
actually from 32 to 82 per cent, whilst the average for all the 
400 boiler, plants is 58 per cent, and the average for in- 
dividual industries may vary from 5 3 to 65 per cent The 
results being obtained in general can, 1 think, be convenieTitly 
expressed by a series of tables wnich I gave in “ Engineering," 
loth to 17th December, 1^20 (“ Exact .Data on the Perform- 
ance of Steam Boiler Plants, No. 4. Average Pdgures for the 
Performance of Some Different Types of Steam^oiler Plant”). 

In these tables I have given foijtlu' various types of boiler 
in use, first^f all— as much the Pio^t important— the figures 
being obtained tOi;day under average conditions* without any 
Prope| methods of testing and^ control^ applying to* at least 
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85 per cent, of the boiler plants of tlie country. 1 have also 
given in the case of “ Lancashire ” and “ Water-tube ” boilers, 
corresponding figures for plants run on the most inoderQ 
lines, which apply only to probably i^XTut 5 per cent, o^boiler 
plants, and at the same time I have given figures for very^ad 
plants, probably typical of about 10 per cent, of the pkmts of « 
the country. 

In order to present comparative figures, the coal used 
throughout has been calculated as 12,000 ILTh.U. per pound 
gross, and I0‘5 per cent, ash, which represents roughly the 
average quality, or slightly above the average, used through- 
out the country. 

Also, for the purpose of comparison, I have‘s taken an 
average price of 40s. per ton, and calculated the day’s test and 
the week’s test in pence per icoo gallons, together with a coal 
bill for a .standard evaporation of 20,000,000 g'allons of water. , 

Further, in taking the temperature of the feed-water (as 
going into the plant) an average figure of 110° F. has been 
taken throughout, because this is about the usual figure, being 
the ordinary “ hot well ” temperature. In studying the figures, 
therefore, if the temperature of the inlet water of a particular 
plant is different, every 1 1" F. can be taken as equivalent t)to 
I per cent, of the coal consumption, higher or lower. Thus, 
if Vhe feed-water be about, say, 99^ F. then the# coal consump- 
tion figures will be increased about l per cent. 

‘^Lancashirp: Boiler Plant. 

*l'he adjoining table gives whart I consider to be the 
average figures for the performance of the Lancasl^ire 
boiler complete with all accessories, calculated in terms* pf 
standard 30 x 8 ft. boilers with average grates 6 x 3 ft. 2 in. ' 

A plant (ff four boilers is given because this is about the 
average size and, of coa^rs^ for a different number of boiIer3 ' 
the corresponding figi^eS cgn easily be calculated.* . 

As regai^.s' the method of firing, han^ ajid mechanical . 
firing arfe averaged t9gether,*as there is, in my opinio|^ 
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LANCASIIlRIi BOILER I'l.ANT. 

! 1 nrHinarv Ax or Efficient Plan 

I Bad Plant Working under 

|Representmg. c.et^craWy ''Modern Scientific 

1 f^Pnr nr" Worked T'o-d.y Supervision or unde 

1 Cent ol w—^rc- p-MnfT 1 esl Conditions, 

1 Boiler Plants V* r < , . I ■/,|- Representing only 

1 at Work in ..v ' . ■ ; . about 5 Per Cent. 0 

(irea, Hr, lain. I’lanta a. Work i,. 

j j (j eat Britain. 

A, Working-Dav Test. 

I. Number of boilers working . . . . 

-1 

4 

4 

2. Grate area (total) 

151-90 sq. ft. 

151-90 sq. ft. 

151-96 sq, ft. 

3. Duration of test 

12 hours 

12 hours 

12 hours 

4. Price of coal used (per ton delivered) . 

40s. 

40s. 

40s. 

5. Amount of coal used 

30,249 lbs. 

41.504 lbs. 

50,870 lbs. 

6. Analysis of coal — B.Th.U 

12,01 0 

I 2 ,(XX) 

12 000 

7. Analysis of coal— ash 

io'5 per cult. 

10 5 per cent. 

10-5 per cent. 

8. Coal burned per boiler per hour . 

lbs. 

8O4-7 lbs. 

1059-8 lbs. 

g. Coal burned ijpr sq. ft, grate area per hour . 

19 8 lbs. 

22-7 lbs. 

27 9 lbs 

10. Water evaporated, lbs 

204,000 lbs. 

27O.000 lbs 

40H,<x) 0 lbs. 

11. Water evaporated per boiler per hour . 

4250 lbs. 

5750 lbs. 

8500 lbs. 

12. W'ater evaporated per sq. It. grate area per 
hour 

111-3 lbs. 

151-3 lbs. 

2237 lbs, 

13, Water evaporated per lb, of coal . 

5-62 lb.!. 

0-65 lbs. 

8-02 lbs. 

14, Equivalent evaporation from and at 312® b. 
per lb. ot coal . 0 

0-42 lbs. 

7-62 lbs. 

9*28 Ib'i. 

15. Equivalent evaporation from and at 212'^ 1 \ 
per 1,000,000 B.'l h.U 

S.LVi lbs. 

O35-0 lbs. 

850'7 lbs 

16. Tempeiature of fc.d-water before econo- 
misers 

110*^ F. 

no ' !•'. 

110° F. 

17. Temperature of feed-water after economisers 

Nocconoini.ser 

230- I-. 

335 '-' F. 

18. Percentage of coal bill .saved by economisers 

Nil 

11*0 per cent. 

2o'.| per cent, 

ig. Draught in back flues of boilers . 

0 40 in. W.G. 

0-35 in. W.G, 

0 O3 in. W G. 

30 . Draught in chimney base .... 

0-50 in. W.G. 

0 75 in. W.G. 

2 00 in. W.G, 

21, Temperature of flue gases before economisers 

50</‘ F. 

(XX) ’ 

650" b'. 

32 . Number of economiser tubes 

No economiser 

About 320 tubes 

.^bout 500 lubes 

33. Temperature of flue gases after economisers 

500'-' 1-’. 

450 ' b'. 

310'-’ F'. 

24. Analysis of boiler leed-water— 

Degrees permanent 

r?.'’ 

O'-' 

S" 

• Degrees temporary 


jU 

o'’ 

35. Percentage CO2 in flue gases (continuous 
record on combustion recorder) 

5 0 per cent. 

7-5 per cent. 

12-0 per cent. 

36. Steam pressure (average) — (a) Gauge . 

60 lbs. 

75 lbs. 

159 lbs. 

27, Steam pressure (average) — (6) Absolute 

75 lbs. 

90 lbs. 

174 l‘*i. 

38 . Temperature of saturation of steam . 

■' 307 ‘ 4 '' b'- 

320 - 3 ^ F. 

37 F. 

39, Temperature of superheated steam 

None 

None 

540 '^ F. 

30. Steam or power used as auxiliary to produc* 
tion of .stewm 

5-0 per cent, j 

2-5 per ^ent. 

fin'O per rent. 

2-5 per cent. 

Thermal efficiency of plant— 

31. (a) Net working efficiency of plant complete 

49-3 per cent. 1 

79’0 per cent, 

33. (6) Boilers only 

51-8 per tenr. 

51-7 per cent. 

59-5 per cent. 

33, (c) Economisers only ' 

Nil 

6-8 per run i 

1 5 '3 per cent. 

34. id) Superheaters ^nly 

Nil 

-Nil 

6 2 per cent. 

S3. CosUn coal to evaporate 1000 gabs, of water 

'iflo-Sd. 

3 i2-0d. 

266-9d. 

JP, Long Check Tf-st (One Week;? 

* (Say Two Shifts per 24 Hours.) 1 

136. Duration. . 

• 

lOS'ohoni.. ■ 

lOS’o hours 

i 08 -o hours 

Jr. Price of coal used (per ton delivered) . 

40s. ; 

401. 

40s. 

3^. 'Amount of coal used 

1 20 tons 

F.;o loir,. 

230 tons 

Water evaporated 

149.180 gals. ! 

203 H40 gals. 

404,430 gals. 

Water evaporated per lb. of coal . 

5 - 5541 j«- : 

fi-50 lbs. 

7-S5 lbs. 

•41. Cost in coal to evaporate 1000 gals of water 

386%d.^ ^ ! 

329-Od. 

273 'od. 

Coal bill for 30,000,000 gals, evaporated per 
annum , m 

1 

£37.172 

m 

£32,748 
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difference in efficiency between the tvvo methods. I propose 
to deal with this question more in detail on page 42. 

'With regard to the following points ; — 

I. Coal Burnt per Boiler per Hour.— Calculaq^d- as*’ 
12,000 B.Th.U. coal the average figures can be taken as al^ut 
865 lbs. per 30 X 8 ft. boiler per hour, correspondi^lg to 
about 22 1 lbs. j)er square foot grate area per hour. A very 
bad plant will, as seen, burn less than this, whereas a plant on 
modern lines would give about 20 ])er cent, more duty in this 
respect. 


2. Water Evaporated per Boiler per Hour. — Calculated 
at 1 1 o'" E. inlet temperature, the average is just below 6000 
lbs. per 30 X 8 ft. boiler. Ihis is considerabl}^ Ic'ss than is 
generally supposed, and most steam users imagine that some- 
thi'iig like 8500 lbs. is the figure being obtained ; this, however, 
does not apply to more than about 5 j)er centjrof the plants of 
the country. In general, the boiler plants of Great Britain 
are working at nothing like their proper output, which is in- 
teresting in view of the fact that hundreds of works are at the 
same time in continual trouble due to shortage of steam. 

^ 3. Water Evaporated per Pound of Coal. —This, of 
course, depends on the heating value of the coal and the 
temperature of the feed-water, but taking as usual the averages 
of 2,000 B.Th.U. and 1 10" E. the figure is 6 ' 6 $ lbs. corre- 
sponding to y ()2 lbs. from' and at 212'’ E. For all practical 


purposes, the figure can be tak^n as 6*5 lbs. corresponding to 
7'5 lbs. from and at 2ig''E. For bad plants and especially 
those without economisers, the figures are, ^ay, 5*5 and 
6*5 lbs. respectively. Eigure^s.hke ^ to 10 lbs. of water (fom 
and at 212' K per lb. of coal, which are popularly imaglnecj^ 
to apply to most boiler plants, only apply to •about 5 per , 
cent, of the plants of the country. 

4. Drai).ght. — The<Jra«ght of the average boiler plant is 
obtained by means of a ckimney (natural draugkt) giving a 
draught ^in tile base of about 075 in. suctiot^ water gauge, ' 
which, with the avercige fli4is^^nd economi.sers correspo(^s t8 
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about 0'35 in. water gauge in the side flues. The height of 
a chimney corresponding to these figures is, roughly, say, 
J25 to 150 ft with average flues. In the case of bad plant, ' 
a sho’-t chimney, say, 90 to 120 ft., and crampcfl and de- 
fective flues, the draught corresponds to only about 0*5 in. 

. water gauge in the chimney base. Without economisers this 
is equal to, say, 0*4 in. in the side flues. If economisers arc 
installed under such conditions, say, an average of 3 20 tubes 
for 4 boilers, there is a very serious reduction in the draught, 
and in the side flues the figure would then only be about 
O' 20 in. water gauge. On a good plant, using mechanical- 
induced draught, the figure averages about 2 ins. water gauge 
in the flra* near the fan inlet, and 0-65 in. water gauge in the 
side flues, much thicker fires being used. 

5. Temperature of Flue Gases. — The gases leaving the 
boilers average^about 600 lb with coal of 12,000 B.Th.U. 
On a bad plant with a poor draught and leaky brickwork, the 
figure is only about 500” F., chiefly because of cold air leakages. 
In a most efficient plant the figure goes up to, say, 650 ' F., 
because of tight brickwork and good fires with a minimum of 
excess air. With too much draught or “short circuiting" of 
tlje gases in the boiler seatings, however, the temperature 
may go as high as 800'' F. leaving the boiler. 

6. Quality of Feed- Water. — The average figures for feed- 
water are about lU total hardness, that is 11 grains per 
gallon, and this means a considerable deposit of scale with a 
corresponding loss in efficiency. It is difficult to express the 
advantage ol^ softening the feed water in figiues of aifnual 
saving in the coal bill, but a good plant should not have have 

Fiardne.ss of over 5'’ to 6^, and a softt^jiing plant is necessary 
' in average eases to obtain such figures. A typical average 
bad plant has, .say, 1 7 grains per gallon, which of course 
means serious .scale troubles. • <« 

7. Percentage of CO.^.— The avViage plant is only giving, 
say, 7 ‘5 per #ent. CO2 in the side flues, bccaifsc of medium 
*firins and leaky brickwork, wjiijst a i’cry eflicienf plant is 
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about 12 per cent It must be remembered, however, that 
high COo does not mean efficiency unless at the same time 
there is no CO (carbon monoxide) present, and the figure for 
C0.2 is apt, therefore, to be deceptive, In averages the^gures 
for CO are, say, ot to 0*35 per cent., and in good cases o*l 
to 6'2 per cent., bad cases being over i per cent. ^ ^ ^ 

8. Economisers. — As will be discussed later, the average 
saving in practice due to economisers is nothing like so great 
as commonly imagined, £iveraging about ii per cent, of the 
coal bill instead of 15 to 20 per cent, as usually stated by 
economiser makers. For the Lancashire ” boiler plant 
to-day of four boilers, 30 x 8 ft., 320 tubes, 9 ft. tubes, 
may be regarded as representing average practice, ‘■giving r l 
per cent, savitig in the coal bill, and raising the feed-water 
from no'" to 230" F. As previously stated, in calculating the 
saving, roughly iF'F. ri.se in the feed-wate.^*. corresponds to 
I per cent, saving in the coal bill. 'J’he installation of 
economisers chokes the draught in the case of chimney draught, 
becau.se of the reduction in the temperature of the ga.ses at the 
chimney base. Thus, taking a typical case of a chimney 
170 ft high, with ga.ses 600" F. in the base, giving 1*14 in. 
W.G. at the chimney ba.se, if economisers are installed ajid 
the flue gases reduced in temperature to 350° F'. the draught 
wo^ld then only be, .say, 070 in. water gauge. In a plant 
run on the most up-to-date lines the saving can average 18 to 
20 per cent, and 175 per cent can be taken as a fair average 
figure for a good economiser installation, if modern scientific 
methods of control are adopted throi^hout , 

9. Superheaters. — Expressed in averages, the ordinary 
“ Lanca.shire ’’ boiler pl|int can be stated to be working without^’ 
superheaters, and the boiler plants of Great Britarin make veiy 
little use of sitperheating. When installed, a rough calcula- 
tion is, say, 0*05 per centf^siving in the coal bill for every i® F. 
rise in the temperature 6f*th(4 steam above saturation point. A 
plant on modtrfi lines will superheat the stean^ to, say, 170“' : 
to 200"* f . above satyratiog goint, and reduce the coa 3 bilf ^ 
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9 to 10 per cent, in addition, of course, to the extra efficiency 
in the engine or turbine. 

10. Steam or Power Used Auxiliary to the Production 
of Stream. — As will be discussed later (p. 45), the amount 
of steam used by steam jets is much greater tlian is commonly 

supposed. The average figure we found to be 6 6 percent, 
of the steam production of the plant, being the same for both 
mechanical stokers and hand-fired steam-jet furnaces, the 
general impression being that it is only about i to 2 per cent. 
On individual plants the figure may be anything from 0*5 to 
20 per cent., and more detailed figures are given on page 104. 
Mechanical forced, or induced draught generally takes about 
2*5 per ce^t. of the production at full output. As we have no 
proper engineering census, it is difficult to give average figures 
for auxiliary steam or power consumption, because it is not 
known what p.toportion of the boiler plants of the country 
use such apparatus. 1 estimate roughly that the figure is 
35 per cent, of the ])lants of Great Britain, and 2-5 per cent, 
for the steam consumption for auxiliary power for the whole 
of the plants of the country is probably not far wrong. 1 
have taken the bad plants as 5 per cent., and 2 ‘5 percent. 
\^ould still be required by the most up-to-date plant. Natur- 
ally, in calculating the net working efficiency of a boiler plant 
such steam has to be deducted, as it is not useful steai^, a 
point which will also be discussed later. 

11. Efficiency of Plant— In averages, a “ Lancashire ” 
boiler plant is working at, say, 54-5 per cent, for the boilers 
only, and 6o,pcr cent fi^r the whole plant, induding econo- 
mii^rs and superheaters, and deducting 2 5 }>cr cent, for the 

■ ^auxiliary steam. Bad plants may be ^iboiit 50 percent, net 
working efficiency. As already seen, this is very much less 
y than is commonly supposed, the usual empirical figures in 
g general use corresponding to abou^y^o 80 per cent, net work- 
:4 .,;ing efficiency, which is entirely (jrro*n?ous. A modern plant 
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WATKK-TIJRF ROILRR PLANT. 



Bad Plant 
Representing, 
say, 10 Per 
Cent, of 
Boiler Plants 
at Work in 
(ireat Bnlain. 

Ordinary Aver- 
age Plant as he- 
ing Generally 
Worked To-day, 
Representing 

85 Per Cent, of 
Plants at Work 
111 Great Britain. 

Most Efficient l^lant 
Working under 
Modofn Scientific 
Supervision or under 
Te.st Conditions, 
Representing only 
about 5 Per Ccn|r 
Plants at Work in 
Great Britain. 

A. Woukino-Ra^ Test. 

I. Number of boilers working .... 

4 

4 

SGo’o sq. ft. 

4 

560*0 sq. ft. 

2. Grate area (tot.al) 

‘jbo'o sq. ft. 

3. Duration of test 

12 hours 

12 hours 

: 2 hours 

4. Price of coal used (per ton delivcKd) . 

40s. 

40s. 

40s, 

5. Amount of coal used 

139.7O5 lb ;. 

141,040 Ib.s. 

137,275 lbs. 

C. Analysis of coal B.Th.L' 

1 2,000 

i.:,o(.>o 

12,000 

7. Analysis of coal— ash 

I0’5 per cent. 

107 per cent. 

10*5 per cent. 

8. Coal burned per boiler per hour . 

2911 7 lbs. 

21)38-3 lbs. 

2859*9 lbs. 

9. Coal burned per sq. ft. grate area per hour 

20'.H lbs. 

20-0 lbs. 

• 2o*4 lbs. 

10. Water evaporated, lbs. .... 

8(A6«i6 lbs. 

1/80,352 lbs. 

] ,081,200 lbs. 

ji. Water evaporated per boiler per hour 

1 8. 722 0 lbs. 

20,61 1 ’0 lb ). 

22,525*0 lbs. 

12. Water e'aporated per sq. ft. grate area per 
hour 

1337 lbs. 

i.|7’2 lbs. 

160*9 lbs. 

13. Water evaporated per lb. of coal 

6‘4 ] lbs. 

7'oi lbs. 

7*87 lbs. 

14. Equivalent evaporation from and at 212^ E. 
per Ib. of loa! 

7 -.| 61 b.. 

8 - 1 2 #llS. 

9' 1 1 lbs. ' 

15. Equi\ aknt evaporation from and at 212"^ E. 
per i,f»rK),o<x) l-LTh.l ’. .... 

621 T) lbs. 

6;6-6 lbs. 

759*2 lbs. 

16. Tempeiatuic of ft ed-water before econo- 
misers 

no ' F. 

1 10" ]•■. 

1 10° 1'. 

17. Temperature of feed-water after cponomiscrs 

No economisers 

105'’ E. 

225" I-. 

18. Percentage of coal bill saved by economisers 

None 

7-1 per cent. 

ro'4 per cent. 

19. Draught in back dues of boilers . . . 1 

07,. in. W.G. 

0-35 in. W.G. 

0*30 in. W.G. 

20. Draught in chimney base . 

075 in. W.G. 

0-50 in, W.G. 

0*65 in. W.G. 

21. Temperature ofdue gases before economisers j 

575 " I-'. 

475'' 1’. 

450° I*'. 

22. Number of economiser tubes . . . j 

None 

200 

250 

23. Temperature of flue gases after economisers 

575 '^ 

3 ^ 5 " F. 

300° 1'. 

34. Analysis of boiler feed water— 

Degrees permanent 

9” 

6'^ 

3 : • 

Degrees temporary 

20 

20 

0° 

25. Percentage COo in flue gates (continuous 
record on combustion recorder) 

5*0 per cent. 

6'0 per cent. 

12*5 per cent. 

26. Steam pre.isu re (average) — (ci) Gauge. 

150 lbs. 

155 lbs. 

160 lbs. 

27. Steam pressure (average) — (/;) AEsolute 

165 lbs. 

170 lbs. 

175 lbs. 

28. Temperature of saturation of steam 

365-9'^ E. 

368-/ F. 

370 * 5 ° F. 

29. Temperature of superheated steam 

45o’o" E. 

530-0° F. 

650*0° F. 

30. Steam or power used as auxiliary to produc- 
tion of steam 

2 '5 per cent. 

2-9, per cent. ' 

1*5 per cent. 

Thermal efficiency of plant — 

31. {a) Net workingefficiency ofplanttjomplctc 

6j’o per cent.j] 

' 05^2 pel cent.j ^ 

per cent. \ 
'^65*8 per cent. ► 

32. (/4 Boilers only 

59-9 per cftnt.l 

6o' 3 per cent.l 

33. (c) Economisers only .... 

None ^ 

4-9 per etjit. * 

7*6 per cent. 

34. (J) Superheaters only . . . 

2'6 per cent. 

5-4 per ciftt. 

9*7 per cent. 

35. Cost in coal to evaporate looogals. of water 

J 33 ' 2 d' 

305 ‘ 3 d. 

272^d. 

LoNci Check Test (One Wi^ck). 

(Say Two Shifts per 24 Hours.) 

36. Duration ....... 

168 hours 

168 hours* 

# 

168 hour# 

37. Price of coal used (pc# ton delivered) . 

40s. 

40s, 

4061.’; 

38. Amount of coal used 

458-2 tons 

452-0 tons 

467*5 tons 

39. Water evil^torated • . 

651,740 gala. 

70.^,674 gals. 

8i5»7^ ga^aV 

40. Water evaporated per lb. of coal ^ . 

6*35 lbs. 

6*95 lbs, 

7*79 Ibff. r. 

41. Cost in coal to e#iporate 1000 gal^ df water 

42. Coal bill for 2 o,cm.x),ooo gals, eva{ffrafed j^r 

annum (say 220 tons J)f coal p.r week) . 

t • 

3 .} 7 ‘ 4 d. 

3o8-3d. 

275 'od. 

£2^,130 

^25.6»8 • 

£22,920 


• • 
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although individual “Lancashire” boiler plants can be worked 
at 80 per cent, net working efficiency, or even over. This, as 
seen, includes the full use of economisers and super-heaters, 
but ‘aPowing also for any mechanical draught with the con- 
sequent 2’5 per cent, auxiliary steam required to drive the fan. 

These figures can, in general, be said to ai)ply to all large 
cylindrical boilers such as “ Cornish ” and “ Marine ” boilers, 
and the various adaptions of such l)oileis with smaller 
tubes used in conjunction with the ordinary standard furnace 
tubes. 

Wat1‘K-Tui{k Boii.kr Plant. 

The corresponding figures for water-tube boiler plants are 
given on tlie adjoining page, calculated for standard sized water- 
tube boilers with a rated evaporation of 20,000 lbs. water per 
hour each, say, about 5250 sq. ft. of heating surface, with grates 
14 X 5 ft, takiifj^ as a typical plant five or six such boilers, 
four working at a time. The boilers are fired by mechanical 
stokers, as very few water-tube boilers are hand-fired, except 
small boilers of, say, 10,000 lbs hourly evaporative capacity. 
When fitted with economisers, each boiler has its own separate 
set of economisers, the present standard practice. The water- 
tuj)e boiler plant may be said to be the typical power station 
plant, and is also installed in many factories where high steam 
pressure is required. There are, of course, a considcrai)le 
number of different makes of water-tube boilers on the 
market, some of which give more efficient results than others, 
but I have endeavoured to give ave,rage figures for water- 
tube boilers gienerally. 

, Coal Burnt per foiler per Hour. -Calculated as 

1/12,000 B.Th.U. coal, the average figures can be taken as 
1. about 28,000 lbs. (.say 1-25 tons) per liour (2C^ooo lbs. boiler 
las already stated , correspond.mg to 20-5 Ib.s. [ler sq. ft. grate 
larea per hour. The rate jf consunTptiSn of coal on^the average 
iwater-tube iDoiler is roughly aboftt the sairu^ irrespective of 
khe results bei^ t^btai. led. * ^ 

\ Water Evaporated per 'Boiler per Hour.— In averag 
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plants the rated evaporation is being obtained, namely 20,000 
lbs. per hour, and on very eflficient plants the boiler plant is 
dften working regularly on lo to 30 per cent, overload. J[t 
is only on very bad plants that the -nominal evaporatioti is not 
being obtained, and there is not the same difference in evapora- 
tion between different water-tube boiler plants as there is witlv 
cylindrical boiler plants. 

3. Water Evaporated per Pound of Coal.— Calculated 
as usual on 12,000 B.Th.U. coal and no” K feed-water, the 
average figure is ; Ib.s. of water per lb. of coal, corresponding 
to, say, 8 lbs. of water from and at 212" F. On bad plants 
the corresponding figures are 6-5 and 7-5 lbs. Here again, 
the average figures usually taken, such as 10 Ib^. of water 
from and at 212” F. are quite erroneous, and only apply to a 
few plants. 

4. Draught, — hor the average water-t<nbe boiler plant 
the standard practice is to use mechanical induced or forced 
draught, or a combination of both, with a short steel chimney, 
say, 60 to 100 ft. high. In such cases the draught in the flue 
near the fan inlet is only about 0*5 in. W.G., very much less than 
induced draught for cylindrical boilers. Roughly, the .same 
figures apply to a most modern plant, whilst on a bad plant J,he 
draught is often greater. A number of water-tube boiler 
plgints are worked on chimney draught only, especially small 
plants, but the draught obtained in practice n's not much less, 
as a comparatively high chimney is then generally used. 

5. Temperature of Flue Gases.— In the average water- 
tube boiler plant the gases leave th*e boiler at ^about 47oM\, 
corresponding to about 325^ F. injthe chimney base, which is 
very much less than ia the case of ^cylindrical boilers. In*the 
case of a bad ^lant the ga.ses may go up to, say, 575'’ F. leav^ 
ing the boiler, but this is exceptional, and in very good plants 
the temperature may 1 #^ cSiiy 450" F. leaving the boiler, and' 
300° F. leaving the pl8n!. . 

6. quality of Feed-Water.— As i? weril Viown, scale is: 
much more serious fpr wajei^tube boik|rs than for cylindricJh 
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boilers, and there is considerable amount of trouble with 
water-tube boilers because of scale. In average cases, the 
total hardness can be taken as 8‘", and in bad plants ordinary 
feed-jiVater at, say, 12" hardness is used regularly. With a 
modern softening plant, which reduces the make-up water to 
5° to 6^ hardness, and the use of engine or turbine condensate, 
the feed-water should not average more than 3 ’ hardness. 

7. Percentage of CO.^. — The average percentage of CO^, 
on water-tube boilers with mechanical stokers is low, averag- 
ing about 6 per cent., less than ^‘Lancashire” or other cylin- 
drical boilers. In the chain grate type of stoker the fires tend 
to burn thin at the back and a large excess of air passes, so 
that even on the 10 per cent, of bad plants the CO, figure is 
practically as good as the 85 per cent, average plants. On the 
5 per cent, of good plants this error is avoided, the figure being 
about 1 2 '5 per c^t. 

8. Superheaters. — The average water-tube boiler installa- 

tion makes much better use of superheaters than cylindrical 
boiler installations, and the average figures for superheat can 
be taken as, say, 160" to 200^ F. Even a poor plant is 
almost invariably fitted with superheaters, as it is the custom 
for the boiler maker to include superheaters as part of the 
installation of the boiler. In a very modern plant very high 
figures are obtained, say 650° F. final temperature, correspond- 
ing to about 250° to 280° superheat. * 

9. Economisers. — Economisers give less saving on a 

water-tube plant than with cylindrical boilers* because more 
heat is retained by a w«ter-tubi boiler, leaving less to •be 
absorbed by flie economiser. J^hus, in average cases, the 
number of tubes in the ecAior^ser for a 20,000 lbs. boiler is 
,2cx?, the feed- water being he^p^ from i lo'’ F. to, say, 195° F,, 
saving 7*4 per cent, of thq^oal bill. On a poor plant no 
economisers are installed, oifa giost modern plant the 

saving reaches, say, I0’^>er cent. ‘vith a temferature of 

'• :Z25® F. in the Ji|ed-wat(|Weaving the economiiftiv 

^ 10. Steam or Used Auxiliary to the Prdduction 
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of Steam. — It is almost theuniversaPcustom, as already stated, 
to work water-tube boiler plants with mechanical forced or 
induced draught, and steam jets are consequently not much 
used. The figures for auxiliary steam or power varies from 
0'5 to 2-5 per cent, of the production in all classes of plants. 

/ II. Efficiency of Plant. — On the average, a water-tube 
boiler plant is working at, say 60 per cent, efficiency for the 
boilers only, and 69 per cent, for the whole plant, including 
economisers and superheaters, and deducting the power used 
auxiliary to the production of steam. Bad plants may only 
give a total of about 60 per cent, net working efficiency. 
These figures, again, are very much less than is usually 
supposed. It is a common belief that, generally epeaking, a 
water-tube boiler plant is very much more efficient than a 
cylindrical boiler plant, and that more or less all water-tube 
boiler plants are efficient. This idea is^ entirely wrong. 
Figures like So to 82 per cent, net working efficiency, with 
65 per cent, due to the boiler only, and 9 lbs. of water from 
and at 212 F. per lb. of coal, are only obtained by a few 
plants, although, of course, possible on most water-tube plants. 
As already stated, a cylindrical boiler plant will run on 
77*5 cent, under good conditions, whilst the average 

is 60 per cent. It should be remembered also that the wear 
and tear and cost of upkeep is, on the average, considerably 
' greater than “ Lancashire " boilers. 


Small Cylindrical Boiler Plant. 

« 

There are hundred^ of such installations scattered about 
the country in small works, hotels and hydros, various public 
institutions, etc., with an average foal bill of, say, lO to 20 
tons a week, generally consisting of one or two small 
“ Lancashire "^boilers of some such dimensions as 15 to 20 ft. 
by 5 f^ 6 ins. or 6 ft, or one or two small “Cornish'* boilers 
of similar (Jjmensions, l%i(i-fired, working without economisers, 
and with a ver^ small chimney, 

The^average figures for these plants ai^ ^en on the ad- 
joining page. 
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Small Cylindrical Boiler Plant. 


A. Working-Day Test. 

I. Number of boilers working; . . . . 

3.. Crate area (total) 

^Duration of test 

4. Price of coal used (per ton delivered) 

5. Amount of coal used . . . . 

ft. Analysis of coal— ii.'l'h.U 

7. ,, „ ,, Ash 

vS. Coal burned per boiler per hour 

g. ,, burnt per square foot grate area per hour . 

10. Water evaporated, lbs 

IL I, ,, per boiler per hour 

1. n .. s(juaie foot grate aie.i }ier 

hour . . , . 

Tt.V M M I. 11). of coal 

14. l ajuivaleut evaporation from and at im ’ I', per 

lb. of coal 

15. haiui^Mlent evaporation from and at 313 J-. per 

1,000,000 B. I h.r 

rf). lempcratuie of feed-water belore economisers 
17- „ n after 

iS, Percentage of coal hill saved by economiser.'. 

19. lh auglu in l^ck flues of boilers 
-<). 11 M chimney base . . . . . 

31. 'I'empcrature of flue gases before economisers . 
33. Number of economiser tubes . . . . 

3j. Temiu raturc of flue gases after economisers 


2.\. Analysis of boiler feed water -- 

Degrees jiennanent .... 

,, temporary .... 

25. Percentage CO.j in flue gases (continuous record 
on combustion recorder) 

36. Steam pressure (average)— («) Gauge 
27 - , n „ „ {b) Absolute . 

2b. Temperature of .saturation of Steam 
2g. ,1 ,, superheated steam 

30. Steam or power used as au.xiliary to production 
of steam ...... 

Thermal efticiency of plant — 

(a) Net working cfliciency of plant complete 
(/)) Boilers only . » . 

\c) Eco#omi.sers only .... 


31 - 

32. 

33. 

34. 


\ 
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38. Amount « 

39. Water evaporaiw. 

40. 


^atetiooo gallons of water 

{fesf (On*.- Week). • 
per 2.\ Hoiir.s.) 

, . . . . 

delivered)^ 

3 • . J f. 

i • • 1% 

pe» ft. of coal f. 


41. Cost in co^ to evaporate 1000 gallons of water 
‘42. Coal bill^or 5 o,ooo, 000 gallons |vaporated per 
annum (say, 220 tons of coal jer week) , . 


Ordinary Average Plant 
as Generally being 
WorkedTo-day. 

2 “ Lancashire ” 

40 sq. ft. 

12 hours 

4 ()s. 

S3 26 lbs. 

12,000 

io'5 jtcr cent. 
34()-S lbs. 


L.r; 

,S'S() 11 1 .., 

b' 7 r ,, 

5a'r^ M 

1 1 o ' !■'. 

Nil 

(No ecoiumiiscis) 
Nil 

<)’5n in. W’.d. 
o‘25 ,. M 
590 L. _ 

No economisers 

(/.*■., 5go' 1'.) 

0" 


5 per cent. 

70 lbs. 
b 5 M 

316-1^ V. ^ 
No superheat 

None 

54-1 per cent. 

Nil 

3r)5-2d. 


• 168 hours 
40s. ' 
17-5 tons 
21,^2 gals. 
5-60 lbs. 

• •382-5d. 

£3I.8?6 
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C 

Such small boiler installations are all worked more or less 
on the same general lines, the boiler attendant combining the - 
work of firing the boiler with other duties, so that the attention 
received is not continuous. The amount of coa;l burnt c^n be 

C 

taken as an average of 17 lbs. per sq. ft. of grate area per 
hour, with grates 4x5 ft, and coal as before, averaging 
12,000 B.Th.U. per pound. As regards evaporation this 
can best be estimated from the average figures of an 
evaporation of, .say, 5*75 lbs. of water at 110° F. per lb. of 
coal, corresponding to 675 lbs. of water from and at 212° F. 
Thus, on a small “ Lancashire ” boiler of 1 5 x 5 ft 6 ins., 
the figure is about 200 gallons per boiler per hour. The 
draught is usually about 0*5 in. suction water gtWge in the 
chimney base, the chimney being small, say, averaging 50 to 
75 ft, and on such small mechanical draught is practically 
never used. ^ 

Also, it is not general practice to use steam jet furnaces 
on these plants, but if present, the average figure for the steam 
consumption of the jets will be 5 to 10 per cent of the pro- 
duction of the plant, with a corre.sponding drop in efficiency. 
The temperature of the flue gases in the chimney base averages 
about 600“" F. and, as before, the average hardness of the 
water can be taken as ii° total hardness. Economisers and 
superheaters are practically never installed, but if present, the 
saving due to these can be calculated as already shown, 
namely, 11° F. rise in the feed-water, corresponding to i per 
cent, saving in ^he coal bill, and L F. rise in the superheat 
equals 0-05 per cent, saving. The*net working efficiency is 
about 54 per cent, and probably does not vary more than 
between 50 to 60 per cent, on any Individual plant. • 

Small Vertical Boiler Plant. 

This is a class of boiler largely used in many industries, 
particularly in engineeni^igVvorks, by builders and contractors, 
on farms and in smllFestablishments of every description, 
and the aveAge results being obtained are given on the:, 
adjoining page. * 
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vSmall Vkrtical Boiler Plant. 


A. \V()rkin^-d(ty Test. 

I. Number of boilers working . . . . 

2.. Grate area (total) 

3. duration of test 

4. Price of coal used (per ton delivered) 

5. Amount of coal used 

► 6. Analysis of coal— B.Th.U 

7. ,, „ ,, Ash 

L Coal burned per boiler per hour 

g. ,, burnt per square foot grate area per hour 

10. Water evaporated, lbs 

11. ,, ,, per boiler per hour 

12. ,, ,, ,, square foot grate area 

per hour . 

13. ,, ,, ,, lb. of coal . 

14. Equivalent evaporation from and at 212" P'. 

per lb. of coal 

15. Equivalent evaporation from and at 212'^ E. per 

1,000,000 JE'rh.LJ 

16. Temperature of feed- water before economisers 

17. ,, ,, ,, after ,, 


18. Percentage of r^al bill saved by economisers 

19. Draught in back dues of boilers 

20. ,, ,, chimney bavse 

21. Temperature of Hue gases before economisers 

22. Number of economiser tubes .. 

23. Temperature of flue gases after economisers 


24. Analysis of boiler feed water — 

Degrees permanent 

,, temporary 

25. Percentage CO^ in flue gas (continuous record 

* on combustion recorder) . . . . 

26. Steam pressure (average)— («) Gauge 

27. ,, ,, „ (b) Absolute . 

28. Temperature of saturation of steam 

29. „ ,, superheated steam . 

30. Steam or power used as auxiliary to produc- 

tion of steam 

Thermal efficiency of plant — 

31. (a) Net working efficiency of plant complete . 

32. {b) Boilers only 

33. (e) Econon^isers only . . . . 

34., (d) Superheaters „ • # • 

35. Cost in coal to evaporate 1000 gallons of water 


B. Long Cheek Test {One 
(Say Two Shifts per 24 Hours.) 

36, Duration 

37. Price of coal used (per ton delivered) • . 

’38, Amount of coal used . . . * . ^ . 

39. Water evaporated . . . . . • \ 

40. „ ,, per lb. of coal 

41. Cost in coal t^^vaporate 1000 gallons of water 
• 42 * Coal bill for ^o,oco,ooo gallons evaporated per 

annum (say, 220 tons of coal per week) .• 
• . • •*. Z 


Ordinary A\eraKe Plant 
as Generally being 
Worked To day. 


12 hours 
40s. 

1353 

12,000 

io'5 per cent. 
11275 lbs. 

7T03 lbs. 

591-9 ,1 


5-25 lbs. 

fl-oi ,, 

500 '0 „ 

no'’ F. 

Nil 

(No economisers) 
Nil 

0*25 in. W.G. 
0*^0 ,, ,, 
800’ F. 

No economisers 
{i.e.^ 800"’ F.) 


5 per cent. 
70 lbs. 

«5 n 
316-1^ F. 
No superheat 

^ None 

48*4 per cent. 

Nil 

4o8-id. 


168 hours. 


40s. 

4*5 tons. 
5141 gals. 
,f:io lbs. s/ 
^ 420-od. 


£35.ooi> 
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Vertical boilers are usually worked with a short metal, 
chimney, often aided by a steam jet in the chimney base, and 
hand fixed. ^ 

As regards evaporation, this can be taken as beii]g about 
5-25 lbs. of water at I lo" F. per lb. of coal, corresponding to 
6 lbs. of water from and at 212'' F. Very roughly, sy^h 
boilers burn about i cwt. of coal an hour and evaporate about 
60 gallons of water. The draught in the base of the small 
chimney is usually, say, 0*30 in. suction water gauge, but can 
be higher if a steam jet is used. The temperature of the flue 
gases is usually very high, averaging 800^ F. whilst the per- 
centage of CO^ is about 5. Such plants are worked without 
superheaters, and of course, economisers, and further, steam 
jet forced draught furnaces are rarely applied. The average net 
working efficiency can be taken as about 48 to 50 per cent. 

E(;g-Endkd Boii.kr. 

This boiler was invented somewhere about the year 1780, 
probably by Richafd Trevithick, Senior, the father of the 
more famous Richard Trevithick who invented the “Cornish” 
boiler, and, as already stated, there are actually still a number 
of egg-ended boiler plants at work in collieries. How many 
plants are still running it is not possible to say, but the num- 
ber seems now to be limited. 

The average figures for the performance can be taken as 
given on the adjoining page. 

The usuaFdimensions of such boilers to-day are generally 
30 to 35 ft. long by 5 ft. 6 ins# diameter, with a blow-oflf; 
pressure of 40 to 60 lbs. ilTey are built hijfli up on the top 
of a large brick firing chamber,* so that the bottom of the; 
boiler is in the flames from the fire beneath, an arrangement! 
known as a “ flash ” flue, and the top half of the boiler in thC; 
open-air, not generaljy insulated in any way. There is only, 
one lar^e firing grite, averaging in length 6 x 6 ft. 6 ins., 
and in widtjii^about 4 ft. 6 ins., and the fljyngs travel along tfwf 
bottofii of the boi[er and iftraight up to the chimney, 
is placed just behind the bdil«rs. Thoheieht ofithe 
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Egg-Ended Boiler Plant. 


A. Working-Day Test, 

1. Number of boilers workin" 

2. Grate area (total) 

3. Duration of test 

Price of coal used (per ton delivered) 

5. Amount of coal used 

• 6. Analysis of coal — B.Th.U. . . . . 

7 - M n M Ash 

8. Coal burned per boiler per hour 

g. ,, b jrnt per square foot ^rate area per hour . 

10. Water evaporated, lbs 

11. ,, ,, per boiler per hour 

12. ,, ,, ,, square foot ^;rate area per 

hour 

13. „ ,, ,, lb. of coal 

14. Equivalent evaporation from and at 212" F. per 

lb. of coal 

15. Equivalent evaporation from and at 212'^ F. per 

1,000,000 B.Th.U. 

16. Temperature of feed-water before economisers 

17. ,, ,, „ after ,, 

18. Percentage of ciftl bill saved by economisers 
ig. Draught in back flues of boilers 

20. „ ,, chimney base 

21. Temperature of flue gases before economisers 

22. Number of economiser tubes . . . . 

23. Temperature of flue gases after economisers 

24. Analysis of boiler-feed water — 

Degrees permanent 

,, temporary 

^5. Percentage CO^ in flue gas (cjiitinuous record 
on combustion recorder) .... 

26. Steam pressure (average)— (a) Gauge 

27. ,, M ,, — (6) Absolut. . 

28. Temperature of saturation of steam . 

29. ,, ,, superheated steam 

30. Steam or power used as auxiliary to production 

of steam 

Thermal efficiency of plant — 

31. (a) Net working efficiency of plant complete 

32. (6) Boilers^nly 

33. (c) Economisers only . . , , . 

34. 0 (d) Superheaters „ • • • 

35. Cost in coal to evaporate 1000 gallons of wa^cr 

B. Loiijr^ Check Test {One Week). 

(Say Two Shifts per 24 Hours.) 

36. Duration 

37. Price of coal used (per ton delivered) • . . 

38. Amount of coal used . . . •; i • 

39. Water evaporated . . . >. > ,* 

40. „ „ ^ per lb. ot coal 

41. Cost in coal 40 evaporate xooo gallons water . 
I|i. Coal bill for 20,000,000 gallons evliporated per 

,, ^ annum (say, 220 tons of coal per ^/edk) * 


Ordinary Avcraj^c Plant 
•IS (icncr.ally bciii{; ' 
^ VVorked To-day. 

4 

1 12 sq. ft, 

12 hours 
40s. 

30,240 lbs. 
12,000 

To‘5 per cent. 

630 lbs. 

22*5 „ 

1 I2,Soo lbs, 

A 350 M 

«3‘9 M 
3*73 

4-26 „ 

355 lbs. 
iio'^ F. 

Nil 

(No economisers) 
Nil 

oTjo in. W.G. 

I *00 ,, ,, 

850" F. 

No economisers 
'{i.c., 850'’ F.) 

12® 

5" 

375 per cent. 

55 lbs. 

70 M 
320-9'’ F. 

No superheaters 

. Nil 

34*3 per cent. 

Nil 

574 - 4 C 1 - 


168 hours , 

4(.s. 

82 tons 
67,050 gals. 
rh lbs. 
587-od. ^ 


£48.918 
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3 ^^ 

usually averages lOO to 140 ft. The firing is carried out by^ 
h^nd, and the fire-bars generally are of a very heavy type, 
with very poor air-space. Nothing in the way of steam jet 
bars or other appliances seems to be’tised in connectipn with 
the firing of this type of boiler. Such a plant was the 
standard colliery practice not so many years ago. In colliepes 
the b:)iler feed-water is heated by the exhaust steam of the 
winding and other engines, and generally goes into the 
boilers at about 150 to 160 h\ average. As already ex- 
plained, however, a given temperature of iio" E. has been 
taken for the feed-water for comparison, and the results 
altered by calculation. This, of cour.se, does not alter the 
essential figure of the efficiency of the boiler itself 

In a typical egg-ended boiler of 30 to 35 ft. long and 
5 It. 6 ins. diameter, the amount of coal burnt is almost the 
same as a “Lancashire” boiler 30 x 8 ^t., averaging 22*5 
lbs. of coal j)er square foot of grate area per hour. The 
amount of the evaporation calculated to no" ¥. is only about 
250 gallons, practically one-third of that of a “Lancashire” 
boiler 30 x 8 ft. The water, at no" F., evaporated per 
lb. of coal is only about 375 lbs., corresponding to, say, 4’5 
lbs. from and at 212" F. The draught on such boilei;,s is 
usually good, because the chimneys used are a fair height, as ^ 
•already stated, and the flue gas temperature is very high, say 
850" F., because the flanies merely go alohg the bottom of 
the boiler an^ straight up the chimney. 

The figure for CQ^ is very low, only about 4 per cent, 
because of the large open grates*and the ajmost invariably 
bad quality of the brickwork duf to the abnormal exf^ansion 
and contraction. The net working efficiency is about 35,. 
per cent, shocking figure, and statements such as 6*5 to- 
8 ’5 Ifcs. of water from and at 212" It per lb. of coal for eggr 
ended Ijpilers are j^j^Iidilous when applied to the present i 
average worljing conditions. ^ 7 

TJiese average figures for the various of boilers, ex-, 
pressed in one taWe for easier comparison, are as follows . 



Cylindrical Boiler Water-tube * 

‘ Lancashire,” etc.). Boiler. Small 
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The great importance of scientific methods in boiler plant^ 
nfwinagement will be realised by the following simple coal 
balance sheet for Great Britain, being approximate figures 
allowing for abnormal circumstances*' clue to wars, striJees, ex- 
cha^ige troubles and other complications. 


Gkkat Britain. 

(Average annual figures which will probably apply more or less to the next 
few years.) 


Coal Production 250,000,000 tons 

Coal Disposal — 


Exported^ 25 Per cent., as foUoivs : — 

Tons. 

Per Cent, 
of Total 
Coal 
Haised. 

I. Sold to the colonies and foreign countries . 

4 I, 875 ,ocw 3 

1G75 

2. ,, ,, ocean-going steamers 

13,750,000 

5'50 

3. ,, ,, foreign countries as coke 

/). ,, ,, „ ,, in the form of 

3,125,000 

1*25 

manufactured fuel (briquettes, etc.) . 

1,875 000 

075 

5. Sold to coasting steamers .... 

* 1,875,000 

075 

Total 

Home Consnmpiion, 75 per cenf.y as follotvs : — 

62,500,000 

25*00 

6. Steam generation : — 

{a} Power purposes 

^ 60 , 000,000 

24*0 

(b) Low pressure purposes 

30,000,000 

12*0 

7. l omestic ....... 

35,000,000 

14*0 

8. Coke from coke ovens 

20,000,000 

8*0 f. 

g. Gas works 

18,000,000 

7*20 

10. Railways 

15,000,000 

6*0 

I r. General purposes 

9,500,000 

4*8o 

Total 

187,500,000 

75-00 


That is to .say, wq consume 90,000,000 tons of coal per ' 
annum, 36 per cent, of the total coal raised, c^; 48 per cent ofv 
the home consumption, for^the o(je operation of steam genera- 
tion. • , 

In genergl, of this huge amount, 6,500,000 tons are being'^ 
burnt at say 70 per cent, efficiency or over, 13,000,000 tons| 
at say 6 J to 70 penfcer^t efficiency, 15,500,000 tons at say^ 
60 to 65 p^r^ent. efficiency, 21,500,000 tons at $5 to 60 per| 
cent. , tl 8,000,000 tons at 5p to 55 per efin^.^and 
tons at less than 50 per Cent 
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Now it is possible, in averages, to zvork steam boiler plants 
^at 75 per cent, net ivorkmg efficiency. 

This is not a theoretical or fantastic figure, but a reasonable 
and practical basis, such as quite a number of firms have 
already obtained by the exercise of care and common sense, 
and with ordinary and well-known plant machinery and 
appliances. Thus, out of the 400 plants tested, 2 plants are 
working at 80 per cent, efficiency or over, and 9 plants at 
75 per cent, or over, whilst 17 plants are working at 70 per 
cent, or over. There is obviously something seriously wrong 
with our general methods of steam generation when 69 plants 
are actually working at less than 50 per cent, efficiency, a 
disgraceful performance, whilst another 80 plants are below 
55 per cent., and altogether 245 plants are below 60 per cent. 
We can take almost any inclustry in the country and if 50 
boiler plants arc tested, it will be found that the best plant 
will be 75 to 80 per cent, efficiency, and the figures can be 
tabulated one under the other until the lowest plant is not 
more than 45 per cent, or so. It is quite a common experience 
to find two works in the same industry working under identical 
conditions, even in the same street, where the boiler plant of 
onj is, say, 65 per cent, efficiency, and the other 55 per cent., 
that is, the coal bill of one works is, say, i 5 per cent, less than 
the other, so that if one firm is burning 10,000 tons a year, 

, the other man is only burning 8500 tons for the same duty. 

The general reason for this lamentable state of affairs is 
^ the almost complete failure to realise that steam generation is 
an important, ^interesting, and intricate branch of applied 
science, and that in nearly all industries there is more money 

■ to Be saved in the boiler Iiouse than ig any other section of 
ythe establishment. Modern scientific principles of steam 

generation comprise two distinct sections, namely, efficient 
design and equipment of the boiler ptfint^and scientific methods 

■ of control of the working of the plal:t,*so that the best results 
J:‘are obtained. ,Thc boiler plants of Great Britain are very 
^^l^eptive in both these sections, \)ut the second is much the 
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more important of the two, and the lack of interest displayed^ 
in the intelligent working of boiler plant could not be better 
illustrated by the fact that there is no recognised method jyi 
the country of testing the performance of a plant. It© should 
be the special object of an International Code to encourage 
the continual testing and scientific control of boiler plant ^by 
making the Code eminently practical. I will, of course, 
discuss this second section in detail in the next chapters of 
this book, but it will not be without interest to state here 
briefly the circumstances as regards the lack of pro[)er equip- 
ment on the boiler plants of Great Britain. 

The boiler itself is of comparatively little importance, and 
a “ Lancashire ” or other cylindrical boiler plant will give 
practically as good results as a water-tube boiler plant. 
There is, however, a great lack of economisers. In the 250 
plants, as already seen, the average saving ^lue to the econo- 
misers was only / ’i per cent, of the coal bill. The detailed 
figures for the economiser performance I have given in 
‘ Engineering,” ist November, 1918 (“Exact Data on the 
Running of Steam Boiler Plants, No. i, hxonomisers as 
follows : — 


TABLE SHOWING RESULTS OF WORKING WITH ECONOMISE*RS. 


t 

Division Accord- 
ing to Saving 
Obtained. 

No. 

IMaiits* 

Average 
Tcrnpcraiurc 
of Feed-water. 

A\erage 
Temperature 
■'of Flue Gases. 

Draught in 
Inches. W.f;. 

Steam 

Pres- 

Total 
Evapora- 
tion on 
Plant 
per Hour. 

Lbs. 

No. 0 

Before. After. 

• 

!•. F. 

Before. 

F, 

« 

After. 

« 1-. 

Chimney Side 
Flue Base or 
Dovvntake of 
Blowers. 

sure- 

G^uge. 

Lbs. 

per 

^q. In. 

Tubet 

on 

Plant 

No economiser 
at all . 

! 95 

' 

_ • _ 





* 



Less than 5 

: : 

r34 172 

568 

37t 

0-85 

0*41 

80 

17,616*0 

22S 

5 to ; 

: L5 , 

123 ; 194 

576 

423 

0‘6l 

o‘35 

79 

15,340*0 

203 

to 10 . 

; 23 

119 j 261 ( 

549 

374 

0*74 

0'33 

100 

16,630 0 

231 

10 to I2A "'/o . 

33 ; 

118 /U3 ' 
no "212 


403 

0-88 

0-39 

106 

29,723*0 

4OX 

12^ to 15 7^ f 

' 4h : 

. 584 

379 

0*99 

0*4! 

99 

19,760*0 

28(^ 

Over 15 7y 


170 1 284 

610 

375 

1*35 

o*6o 

, • 

119 

23.497*0 

39A 

Totirt 

250 

. 

• 
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That is, 95 plants had no means of utilising the waste heat 
of the flue gases, and it will probably not be an exaggeration 
to say that 25 per cent, of the boiler plants of Great Britain 
have no economisers at all. 

Taking now the 155 ))lants fitted with economisers, the 
average saving obtained on these plants was 1 1 -4 per cent, of 
the coal bill. Only 24 plants or 17 per cent, of plants httcd 
with economisers were saving i 5 per cent, or over of the coal 
bill, and only 12 plants 17 per cent, or over. 

It is the general rule to install economisers on rulc-of- 
thumb lines such as, for example, 72, 96 or 120 tubes per 
boiler, quite irrespective of the evaporation. ¥ov this reason, 
and also because the draught is apt U) be choked, there is in 
general not sufficient tubes for the best results. An average 
saving of say 7. I per cent, of the coal bill instead of about 
17*5 per cent, which ought to be obtained, means a national 
loss of about 10 per cent, in the coal bill, or 9,000,000 tons of 
coal per annum. Also practically no use is made of feed- water 
heaters, so that any exhaust steam available, such as that from 
the boiler feed pump, economiser engine, mechanical draught 
engine, etc., can b*c usefully employed in heating the feed-water 
01^ the way to the economiser. In averages, something like 
3 per cent, of the coal bill is lost in this way, say, 2,700,000 
tons per annum. , 

Also, there is a considerable annual loss due to scale in the 
feed-water, although it is difficult to express this loss in money. 

The average hardness of the boiler feed-water of the United 
Kingdom is ajpout 1 1 gra’ins per gallon, and taking the aver,?ge 
figure of 6’5 lbs. of water evaporated per lb. of coal, this 
corresponds,^ at 90,000,000 tons of cpal per annum, to an 
evaporation of 580,000,000 tons of water yearly, and a de- 
position in the boilers of the United Kingdom of 100,000 tons 
of scale and other solid material ji^r Ji^num, nearly 2900 tons 
a week. It is impossible to get llw results oh any boiler 
plant with sc^lc? m the boilers, and we do not I'ay anything 
like enough attention to the purification of the feed-water, 
either by water softening plant or otherwise. 
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As regards mechanical stoking, probably about 25 per 
cent, or 22,500,000 tons, is burnt per annum by means of^ 
mechanical stokers instead of hand-firing. I dealt very fullj^ 
with the question of mechanical versus hand stoking in a 
recent paper, “ Exact Data on the Performance of Mechanical 
Stokers as Applied to ‘ Lancashire ’ and other Narrow-flued 
Boilers,” read before the Institution of Mechanical Engineers 
on the 19th March, 1920. In this paper was given the detailed 
figures for the performance of 80 “Lancashire ” 'boiler plants, 
mechanically fired. Tlie average net working efficiency of 
these 80 plants was approximately 59 per cent., the boilers 
only being 53 percent. In the 250 tests already mentioned 
per cent, of the plants were hand-fired and 24 per cent 
mechanical, and the figures can be divided as follows (“Pro- 
ceedings of the Institution of Mechanical Engineers,” March, 
1920, p. 275) 


! .S<j Plants 

j Mothaniially l iied. 


j 250 PlantH (76 Per Cent, 
j Haiui Firing and 24 Per 
: Cent. Mechanical Firing). 



• No. of 
Plants. 

Per Cent. 

No. of 
• Plants. 

Per Cent. 

Over 80 per cent. . 

I 

1-25 

2 

0-8^ 

75 to 80 . 

2 

2-50 

9 

3-6 

70 „ 75 

2 

2-50 

13 

52 

•^5 M 70 1, M . 

17 

21-25 

30 

12-0 

60 „ 65 I 

II 

1375 

44 

17-6 

55 „ 60 „ 

16 

20-00 

62 

24-8 

50 „ 55 „ . . . i 

t 5 

1875 

47 

i8'8 

Less than 50 per ctnt. . . j 

16 

20 00 

43 

17-2 

• i 







100-00 

2*^0 

100-0 


. 



• 


The average net working efficiency of 350 hand-fired 
plants is abouf 60 to 62 per cent So that on these figures, 
mechanical stoking is aiviAg actually le.ss efficiency than hand 
stoking, tn my opinioh, «if all the plants in Great Britain : 
are considered,* there is little or no differerftc^ between me- 
chanicaf and hand stoking, ?ind it cannot be said, thereforS, ■ 
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that we are losing much coal, because only 25 per cent, of 
boiler plants are equipped with mechanical stokers. 

Another cause of loss is that full advantage is not taken of 

^ * 

mechanical draught, and probably about 90 per cent, of the 
boiler plants of Great Britain rely on natural or chimney 
draught. The chimney, unless built very high, and good 
quality coal is used, is an out-of-date and unscientific con- 
trivance as a draught producer, and other things being equal, 
the draught simply depends on the temperature in the base, 
that is, the more heat is lost the better is the draught. When 
an economiser is installed to prevent this heat loss, the draught 
is choked because the temperature of the exit gases is reduced. 

The extent of this draught reduction is seen by the 
following actual example : — 

Brick chimney 170 ft. high with a temperature in the base 
of 600° P'. worki’ig without economisers. The tem()erature of 
the gases in a brick chimney is reduced about 2^" \\ for every 
3 ft. in height because of the cooling action of the outside air, 
so that the average tem|)erature of the hot gases in the whole 
of the chimney from top to bottom will be about 544 ’ E., taking 
the outside air as 60" l\ 

^ The draught in the chimney base under these conditions, 
expressed as inches suction water gauge, is very nearly given 
by the following formula (which includes friction losses) : — ^ 


p=He-i-?2) 


P = 170 


== 170 X 


where P - inches water gauge 

H -■= in feet of* chimney above the firing level • 

T ~ the mean absolute temperature of the chimney gases 
/ = absolute temperature of the chimne\’ gases 

/ .. _ 7-‘5 A 

\ 6o + 461 544 + 461/ • 

/ 7-6 7-9 y. 

^521 1005' • .x 

170 X (0*01458 - o*oe)756) 

(0 00672) 

1*14 in. W.G., whiclt equals about C)‘65 -* 0’85 in.. 
W.G, in the side flues of a “ Lancashire ” boiler.: 
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If now we install economisers to reduce the coal bill, say,^ 
I7'5 per cent., the temperature of the gases in the chimney 
base will be reduced from 600° b\ to, say, 350" F. This will 
correspond to an average temperat'dre in the whole *of the 
chimney of about 294'’ F., and tlic draught will be as follows : — 


11 


7-6 


170I 


_ 7'9 
T 
7-6 


_ , 7-9 __ \ 

60 + 461 294 + 461 ' 


- 170- 


/ 7-6 7-9 \ 

^^21 7 ^;;/ 


_ 7 - 9 ' 

521 755^ 

170 (0*01^58 - 0-0 [046) 

070 in. W.G., which equals about 0’35 in. W.G. in 
the side flues of a “ Lancashire boiler. 


In the 250 tests the 155 plants fitted <;vith economisers 
show an average drop in the flue gas temperature from 58L 
to 389' F. whilst the draught averages 0*97 in. W.G. in the 
chimney base, and is reduced to 0*45 in. in the side flue or 
downtake. The installation of economisers therefore causes 
a serious reduction in the draught and, for example, on theo- 
retical grounds, if more economisers were installed, and tlie 
saving increased to .say 22*5 per cent of the coal bill with 
tl^e gases cooled to say 250" F. the draught would be so 
reduced that hardly any coal would be burnt. 

Although, as already stated, chimney draught works very well 
with a high chimney and good quality fuel, so that say 0*3 5 in. 

is sufficient draught in the side* flues, the ^reat majority 
of boiler plants do not possess fhese advantage.s. Consequeptly, 

^ m m ^ 

in spite of the fact th^t, in general, sufficient ccqnomisers are 
not installed, hundreds of boiler plants have to work with the 
economiser bye-pass damper partly open to allow some of the 
hot gases to go right u[^th^liimney, so as to provide sufficient 
draught to ^ork the plant.* ♦The main advantage of mechanical 
draught ^(forceef or induced) is that the druught is quite in- 
dependent of the flue gas temperature, being provided by the 
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engine or motor driving the fan, which takes the equivalent 
of about 2-5 per cent, of the steam production of the plant. 
(Consequently, the full amount of heat can be extracted by the 
econonjisers, and theoretically the flue gas exit temperature 
could be reduced to 213'' E. to absorb all the heat, and still 
retain all the water in the flue gases as steam. 

A large number of boiler plants (93 plants out of the 
250 tested) probably about 35 per cent, of the plants of the 
country, arc working with some form of steam jet furnace, 
either hand or mechanically fired, which can be called a 
variation of forced draught. Most of these steam jet furnaces 
are working in conjunction with natural or chimney draught 
but a few have mechanical induced draught. 

'Phe amount of steam used by the steam jets averages 
about 6' 5 per cent, of the production of the plant and is much 
too high. I published in “Engineering,” i6th January, 1920 
(“Exact Data on the Running of Steam Boiler Plants, No, 3. 
The amount of Steam Used by Steam Jets”), the results of 
investigation carried out into the working of 130 boiler plants 
fitted with steam jet furnaces, eleven different types of hand- 
fired furnace and^nght different types of mechanically fired, 
c(^nprising 437 boilers with a coal bill of about 1,000,000 tons 
per annum. The results are tabulated on page 46. 

It is generally assumed that the amount of steam used b^ 
steam jets is small, .say i to 2 per cent, of the production, but 
it will be obvious that these figures are quite erroneous, and 
the amount is much more than is generally realised. 

One of tin; most strilJiiig facts is the enormous differeit^e 
between the amounts of steam used bv these steam jets. Thus, 
the lowest fijj^u re obtained was 0'5() j)er qent. of the production, 
and the highest 21-4. The differences on different plants 
u.sirig the same make of ap[)aratus are almost as remarkable. 

Of the whole 1 30 plants, twent/ny|e have coal bills of over 
;tlooo per annum incurred by ihr u.se of steam ^ets alone, 
whilst the nunjb?r*of plants with coal bills of J(?oo or over is 
forty-seven. 
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The great cost incurred in average cases in the running of 
steam jets is not realised. Thus, taking an average sized boiler 

AMOUNT or STKAM USED BY STEAM JF.TS. 

Average Results for Hand Firing. 


(Net Average 6*6 Per Cent, of the Production.) 


T 3 pc of 
Appar.'Uu'?. 

< Numhi^r of 
Plants Fitted. 

Total Numl)Cr 
of Boilers. 

Percentage of 
Production of 
the Plant us d 
by Jets. 

'I'otal Coal 
Mill of the 
Plants per 
Antium. 
'I'oiii'. 

1 Total Coal 
Bill used by 
' the jets. 
Tons. 

A. 

6 

17 

7*6 

20,200 

1535-2 

B. 

4 

7 

4 '5 

15.400 

693*0 

C. 

3 

6 

7 ’3 

9.234 

674-0 

D. 

i8 

6() 

f >'3 

137/>o5 

8361*5 

E. 

7 

22 

8-1 

55.450 

4491-4 

F. 

i 2 

3 

1 3 -*^ ; 

5 »‘'-^ 5 o 

: 187*2 

G. 

2 

1 

1 5-0 

6,600 

330-0 

H. 

2 

6 1 

! 7*7 

14,^00 

! 1108*0 

I. 

' 3 

6 

1 4‘4 : 

^.525 

i 375-1 

I. 

1 I 

2 

15-25 

4 ,000 

1 610*0 

k. 

! 

i6 

5-9 ; 

1. 35.346 

2079*5 

I'otal ' 

54 

149 


312,010 

20715*7 


Average Results for Mechanical Firing. 


(Net Average 6-7 Per Cent, of the Production.) 


Type of Apparatus. : 

Number of 
Plants 
Fitted. 

I Total 
Number of 
Boilers. 

''rrodu''’i mn** i 
of P)°nt ■ '’'Xr 

^ToT- 

Total Coil 
Bill used by 
the Jets. 
Tons. 

1 

Sprinkling Stoker, i 




, 


A- ! 

25 

73 

5-0 

140,345 

7017*2 

B. 

16 

45 

5-25 

95,550 

5016*4 

C. 

7 , 

23 

5*0 

30,070 

1503*5 

Poking Stoker. ; 






A. 1 

4 

12 

2'3 

2i*b>5o 

1 484*1 

B. 

i 


, 13-8 

5.750 

7ft3*5 

c. 1 

13 

66 

8-0 

221,950 

I7756H) 

D. t 


3 

7*2 

4.900 

352*8 

.1 

9 

63 

7'5 

185,250 

13893-7 

« { 

Total . I 


V288 

; 704,865 

.46817*2 


plant of six Tanca.shire ” boilers, burning s<fyj 2,000 tons of 
coal per annum, equivalent t6 ;£‘l8,ooo per annum, with coal 
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at an average price of 30s. per ton. The cost of an ordinary 
steam jet apparatus hand-fired would be about, say, /joo per 
boiler, equal to £600 for the plant. 

Talyng the average figure of 6 6 percent, of the steam pro- 
duction used by the jets, this corresponds to /?iTiS 8 i)er annum 
as the cost of the steam used, equal to buying an entirely new 
set of steam jet apparatus for the whole of the six boilers about 
every six months. 

For a similar plant a mechanical stoker equipment would 
cost about double, say, ^2000, and in this case at 6*5 per 
cent, of the steam production, this would be equivalent to 
replacing the whole of the stokers, .say, every eighteen months. 
In addition, also, in the latter case the cost of upkeep of the 
stokers has to be taken into account, whereas the hand-fired 
steam jet apparatus has the advantage that the fire-bars last 
a very long time because of the “ cooling ” action of the steam. 

Assuming that 35 per cent, of the boiler plants of the 
United Kingdom are fitted with steam jet furnaces, this corre- 
sponds to 31,500,000 tons of coal burnt per annum, and at 
6*6 per cent, of the production of the plant, is equal to 
about 2,000,000 t^)ns of coal used per annum for the sole 
purpose of steam generation to supply steam jets. Assuming 
that the steam jet furnace is the right method for burning 
35 per cent, of the coal used for steam generation, then witU 
proper care and attention, the amount of steam used ought to 
be cut down to 3*5 per cent, of the production, say within the 
limits of I '5 to 4 per cent. That is ^to say, t)y the careless 
. use of steam jejs, and the*use of a number of furnaces of baTt 
design, we are wasting per^aniiufn about i, 000, 000 tons of 
coal? The question of the advisability af using steam jets at 
all is a matter of opinion, but in certain cases, .such as for 
coke and coke breeze, and some varieties of refuse coa], they 
are very useful. Roughly, I should that under existing 
r, conditions of burning raw coal, about 10 per ceiit. of the 
:%boiler plants of^tHb^ountry are suitable for hand-fired strain jet 
:;i fufnaces, whilst the question of niechanical firing is very open. 
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Finally, as rej^ards superheaters, we do not make anything^ 
like the proper use of superheated steam. The value of 
superheating for fuel economy is in two directions, first, that 
of partial superheat to, say, 75 F.. to reduce condensation 

losses in the steam pipe circuits, and, secondly, that of high 
superheat up to 200" F. to improve the efficiency of the steam 
engine or turbine. Out of the 250 plants tested, only eighty 
were fitted with superheaters, and of these eighty plants only 
twenty-five plants were completely equipped, so that the 
average amount of superheat on the eighty plants was 50"" F. 
(316' F. temperature of saturation to 366'’ V. on the super- 
heater). 

It will not be an exaggeration to say that 5 per cent, of 
the coal bill, 4,500,000 tons per annum, is lost because of the 
failure to realise the value of superheating. 

Finally, I should like to point out that Great Britain is 
probably no worse in respect of inefficient steam generation 
than any other country, and this deplorable state of affairs 
seems to exist, for example, in America and France also. 1 
have examined about forty boiler plants in F'rance and 
judging from this short experience, aiuT from information 
contained in French engineering literature, it would s^em 
that the average net working efficiency of the boiler plants of 
^France is not much more than 60 per cent., and certainly not 
over 65 per cent. I have no personal experience of boiler 
plants in America, but judging by the American engineering 
literature, especially in connection with the efforts made for 
ftel economy during the war, it would appear, that in America 
also the average net workhig efficiency of boiler plants does 
not exceed 60 per ccyit. ^ ^ 

It is painfully interesting to reflect that at least 100,000,000 
tons o^f coal per annum is being lost throughout the world by 
lack of proper metho^j o)" boiler house management. 
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PART II. 

CRITICISMS OV KXISTING CODES AND SUGGES- 
TIONS l^OR AN IMPROVED JNTERxN ATIONAL 
CODlv 

I. The Necessity of Having an Entirely Separate Code 
for Boiler Plant Testing. — It is, in iny o[)inion, a fundamen- 
tal mistake in tlie “Civils” Code to lump together boiler 
plant and steam engine tests, and this error is not committed 
to an\-thing like thCfSame extent in the American “Mechani- 
cals” Code, which is divided sharply into separate test codes 
for boilers, reciprocating steam engines, steam turbines, pump- 
ing machinei}’, compressors, blowias and fans, steam power 
plant-, Kk:( - motives, gas producers, gas and oil engines, and 
water-wheels. I'he arrangement of the Civils Code is appar- 
ently a [)ersistent relic of the days of over too years ago, 
when the steam engine was invented and developed, and when 
*the word “engine” meant not only the actual steam engine, 
but the boiler and accessories as well. This point of view 
may have had some justification in, say, 1822, when 50 h.p. 
was regarded as a large size for an engine, ana each engine 
as a rule had its^own small separate bo’iler. In 1922, how- 
ever, it is obviously out-of-date, because of the size and com- 
plexity of the modern steam generation plaint, and because of 
the many uses of the steam, not only for engine and turbines 
of greatly different sizes and efficiencies, but also for numerous 
other processes, such as warming bui/lin^ys, drying chambers, 
and heating liquids, in which the conclerfsation loss in ilie pipe 
circuits of the factofy alone is an important matter. It is for 
. this^ame reason also that Americah engineers still persist in 
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talking of “ boiler horse-power,” an unscientific term which 
has died out in Great Britain years ago. 

The only practical and scientific method is to regard the 
gt'fieratwfi of steam as something entirely separate and inde- 
pendent from the utilisation of steam, whether for steam 
engines or for any other process, and in fact one of the reasons 
why this country is losing 20,000,000 tons of coal per annum 
on steam generation is because this very point is not under- 
stood. In the average factory, when some endeavour is made 
to keep a record of the figures for the fuel consumption, such 
attempts seldom rise above the conception of regarding the 
boiler and power plant together as merely one item. Thus, 
for example, a paper-mill expresses the figures of its perform- 
ance as so many tons of paper, a brewery as so many standard 
forty-gallon barrels of beer, a flour-mill as so many sacks of 
flour, a bleach works as so many lumps .)f cloth, all per ton 
of coal. 

The error of this method is that it is not detailed enough, 
and there is not only entire ignorance as to whether the cause 
of inefficiency lies in the generation of steam at the boiler 
plant, in condensation losses in the steam pipe circuits, or in 
poor engine performance, but the very many different,, and 
important functions of the boiler plant are carried out com- 
* pletely in the dark. 

Yet the “ Civils ” Code helps to perpetuate this funda- 
mental error^ by its method of regarding boiler plant and 
steam engine tests as something almost identical, so that they 
‘"’can be included in one Code. • » 

In the International C\)de I^suggest that boiler plajnt test- 
ing be regarded as*something entirely separate, and as'^much 
indejDendent^ of the testing of steam engines, as it is of oil or 
gas ^ngines, or any other source of motive power. A separate 
code for boiler tesftng'- also means greater simplicity, and 
would C>e a^great hefp convincing every one that efficient:; 
steanj generation is an operation of vital ^iniportance,. ana; 
worthy of the most careful attention. Ji; 
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The Object of Boiler Plant Testing.— The “Civils” 
Code gives the unfortunate impression that boiler plant testing 
i^ a costly and troublesome luxury to be undertaken only at 
rare intervals, and, secondly, that there arc two kinds of tests, 
namely, to “obtain data for scientific purposes,” and “com- 
mercial tests ” to ascertain whether the guarantee of perform- 
ance given by the maker has been fulfilled. It also speaks of 
“ Comparative trials where the determination of efficiency is 
not the main object 

The four separate references to this point in the “ Civils” 
Code are most con fusing, and are given below (italics my own) ; — 

(1) Page 5. “When the object of a boiler or engine trial 
is to obtain data for scientific purposes the losses should always 
be measured, because they afford a valuable check on the ac- 
curacy of a trial. Such measurements consist in taking the 
temperature of the flue gases and analysing them, weighing the 
ash, measuring the loss of heat by radiation, etc. Though de- 
sirable, they are not essential in a large majority of trials, when 
those observations only are recorded which are necessary to 
ascertain whether the guarantee of performance given by the 
maker has been fulfilled. P'or such trials a shortened tabular 
statement has beer provided under the heading ‘ Commercial 
Trials' 

The note ^ refers the reader to page 33, which reads as 
follows, at the bottom of the page : — 

(2) Page 23. “Notes: (i) The lines printed in italics re- 
late to data which may be omitted where a shorter form of 
Report for general purposes is desired (see Comngittee’s Report, 

p- 4).” 

On turning back again to page 4 we find : — 

Uy Tage 4. “ As regards the last item, the original forms 

intended for scientific purposes, in whiclf it is necessary to 
measure the losses, have been retained as far a§ boilers and 
reciprocating engines are concerned, but abridged forms have 
also been drawn up for more general/use, as described in note 
I on page 23.” 

Finally, on p^agt: 58 is stated : — 

(4) Page 58. “ If the object of the trial is to ascertain, for 
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scientific purposes, the rate of evaporation for a constant rate oj 
coal consumption. . . 

A general impression also, on reading through the “ Civils / 
Code, is that boiler plant testing is -an extremely conpplicated 
and difficult operation, which involves a knowledge of chemistry 
and mathematics (piite beyond the ordinary engineer, and 
which can only be carried out by the Univ'ersity graduate. 
These ideas arc cpiite erroneous. Boiler plant tests must be 
regarded as of such vital importance that they must be carried 
out regularly as part of the routine of the daily running of a 
boiler plant, and there is nothing mysterious or difficult about 
them. In the International Code I would suggest one standard 
code for all boiler tests, and to do away with any idea of dis- 
tinction between “ Scientific” and “Commercial” Tests, which 
only causes confusion and which, in any case, is wrong in 
principle. I would draw u[) the Code on^aich lines that the 
main object of boiler plant testing is to keep boiler plants at 
the maximum efficiency every week, all the year round, and 
such a Code would be flexible in the .sense that it would in- 
clude all special tests, such as the investigation of a particular 
quality of fuel, of any plant, machinery, or' appliance installed 
on the plant, and the working of the [)lai?'- under different (con- 
dition^ of load. 

• In short, boiler plant testing must be regarded as a 
thoroughly practical proposition which is necessary for the 
strictly utilitarian purpose of saving money. 

3 . Duration of Test, — The duration of the test is a matter 
*of the greatest importance in determii>ing the t^ue performance 
of a boiler plant, and the “Civils’’ Code is very vague qn this 
point. All the defmite instructions it gives ^are as follows 

(P. 9):- . 

“The approximate fliiration of the trial should be fixed 
before commencing itj^nnd should be a multiple of the period 
elapsing^ between the liifies of cleaning the fires ; it should 
never be les^ Ihm three hours, and should teas long as possible 
in order to eliminate error in the measurement of the thickiress 
of the fuel.” « 
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It must be obvious that the test has got to be of sufficient 
duration to allow of the elimination of errors. Thus, I pre- 
‘ ^ume even the Civil Engineers’ Committee would agree that, 
for example, the figures of a test of one hour’s duration would 
be worthless as a true indication of the average working of a 
boiler plant. To allow an official test of only three hours is 
absolutely ridiculous, as every one must know who has had 
much practical experience of boiler plant testing, and no re- 
liance whatever could be placed ig)on such a test. 

What is meant by the statement that “ the duration of the 
trial should be fixed before commencing it” and “should be a 
multiple of the period elapsing between the time of cleaning 
out,” I am at a loss to understand. 

The American “Mechanicals” Code is infinitely more 
sensible, definite and practical on this point, as follows ; — 

Rage 43. “ 44. *l 1 ie duration of tests to determine the effici- 
ency of a hand-fired boiler should be at least ten consecutive 
hours. In case the rate of combustion is less than 25 lbs. per 
SC], ft. of grate per hour, the tests should be continued for such 
a time as may be required to burn a total of at least 250 lbs, 
of coal per sq. ft. of grate. Tests of longer duration than ten 
hours are advisable in order to obtain greater accuracy. 

^“45. In the case of a boiler using a mechanical stoker, the 
duration, where practicable, should be at least twenty-four 
hours. If the stoker is of a type that permits the quantity and 
condition of the fuel bed at beginning and end of the test to 
be accurately estimated, the duration may be reduced to ten 
hours, or such time as may be required to burn t^ie above noted 
total of 2 50 lbs. per .sq, ft. 

“In commercial test, where the service requires continu-* 
ous operation night and day, with frequent shifts of firemen, 
the duVation of the test, whe 1 :her tlie boilers are hand-fired or 
stoker-fired, should be at least twenty-four hours. Likewise 
in commercial tests, either of a single boiler oriof a plant of 
several boilers, which operate regularly a ccrtaii'i number of 
hours and during the balance of the^la]^ the fires are banked, 
the duration should not be less than tw^enty-four hour.. 

“ The duration of tests to determine the maximum 
evcjporative cap*acity of a boiler, without dcterminin*g the 
efficienrjy, should not be less than three hours.” 
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It will be noted that the American Code insists on at least 
ten consecutive hours, and that the three hours allowed by 
the “Civils*' Code for the complete test is in the American ' 
Code only allowed for the comparatively unimportant opera- 
tion of determining the maximum evaporative capacity of the 
plant, quite irrespective of the efficiency. 

Surely the common-sense guide to the duration of the test 
is the actual practical working conditions of the given boiler 
plant. If, for example, the boiler plant starts up at 8 a.m., 
runs full output until 12 midday, partially shuts down for the 
dinner hour until i o’clock, and then runs full output again to 
5 o’clock, the only proper course is to run the test right through 
for nine hours, that is from 8 a.m. to 5 p.m., including the 
partial stoj) in the dinner hour. In a colliery, for example, or 
under colliery conditions on an experimental plant, the maxi- 
mum “winding period” may be from C am. to 2 p.m., in 
which case the test would be carried out for this period. 

Certain industries, .such as flour-mills and paper-mills, as 
a rule, run right through twenty-four hours a day on steady 
load for six days, in whicli case, of course, the test can be 
carried out at any time. 

I would propose that in the International Code no test 
should be regarded as official if of less duration than eight 
hours, and in every case longer than this, or the full working 
day or shift, is much preferable. In the few cases where the 
complete working day or shift is less than eight hours, 1 would 
allow the lesser time, but would attach little importance as a 
rule to any te.st of less than six holirt^’ duration. 

It would not be possible to j.nclurie the American figures 
of ten hours and twenty-four hours in an International Code, 
because, for example, in this country the average working day 
is now only eight hours. 

On this point o^^tlk: duration of the test a second very 
serious^Tnatter for crftidsm, in both the “Civils” Code and 
the 4tnerican “ Mechanicals ” Code, is the1:o^al omission of all : 
reference to the figures for* the performance of the boiler planCy: 
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when starting and stopping, when banked up, and on light 
Ibad at night and during the week-end. Most boiler plants do 
not suddenly start up at full load, run fur a test period, and 
tiien suddenly shut down again. The usual practice is to run 
on intermittent loads during the night, for keeping buildings 
warm and perhaps working the factory at much reduced load ; 
and* also for the boiler plant to remain banked up under 
pressure during the week-end, if only to be able to work the 
pumps in case'-of fire. 

Speaking in averages, anything from lo to 30 per cent, of 
the annual coal bill is usually absorbed in this way, and a test 
carried out in the spirit of both the Codes only applies there- 
fore to the 70 to 79 per cent, of the coal burnt during ordinary 
working hours. 

I found out very soon, by practical experience, that it is 
necessary to carry put a long check test to include the essential 
elements of the day’s test, namely, the amount of water 
evaporated and coal burnt, together with the heating value of 
the coal, and conse(]uently out of the .^00 tests, 365 tests have 
a long check test of one complete week in addition. In the 
International Codt^, therefore, 1 would suggest a long check 
test of a complete week of 168 hours, that is, including the 
fulf week-end, and the combination of the two tests, namely, a 
day test of not less than eight hours, and a full week’s test, 
will give, in my opinion, a much more satisfactory test of a 
boiler plant both from a practical as well as from an academic 
and scientific point of view. • 

In the 400 tests, thirty-five plants were tested during the. 
day only, either bccausf it was impossible to carry out a week’s 
check* test without a great cleal of trouble, or because of the 
•express wish of the' client. In the remaining 365 tests, 
185 plants gave a slightly inferior result as compared with 
the day’s test, and 180 tests .showed/a-kiomewhat better'' result. 
There is always some loss by cooking during the ’veek-end, 
but this is often •counter-balanced by the fact that a boiler 
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plant may have been forced during the day, so that the 
efficiency is less than at night when on easy load. 

4. Sampling and Analysis of the Fuel.— Both Codes 
give, on the whole, very clear instructions as to the sampling 
of the fuel, and the necessity of taking proper average 
samples. There is no doubt that many boiler trials are 
rendered of little value through defective sampling, and'it is 
somewhat difficult to lay down definite rules for this operation, 
which is, after all, a matter of common sense. T think, how- 
ever, the instructions in the Codes would be improved if they 
insisted that two entirely independent samples of the fuel arc 
taken during the trial. Thus, if samples are taken from each 
barrow, or bag, or, say, at intervals of half an hour from rail- 
way waggons or overhead bunkers, it is better to keep two 
separate samples (A and B) and to place them separately in 
two receptacles (A and B) during the trial. At the end of the 
trial the two large samples are then mixed, broken u[), quartered, 
etc., and small [portions sent for analysis in sejxirate sealed 
tins (A and B). Jdiese are then analysed separately and 
the results given are an average of the two separate analyses. 
I have found this in practice a very satisfactory method, and 
would suggest, therefore, that this be embodied in the Inter- 
national Code, with the proviso that it is of course impossible 
to take too many samples, and these instructions be regarded 
as the minimum requirements. 

On the question of the analysis of the fuel, and the gross 
and net heath ig value, neither Code is very lucid. The 
• “ Civils ” Code decides that the efficiency calculations shall be 
based on a calculated lower or net heating value, whilst the 
American “ Mechanicals ” Code takes the simple or gross 
lieating value of the dried coal as determined in the oxygen 
bomb calorink'ter. 

It^^ is agreed in th^? place by all concerned that the 
calorim^^-er to be used cor the determination of the gross 
heating valife^of a fuel shall be of the ox*ygen bomb type, in 
which a weighed amount of fuel is burnt in a known weight 
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of water at a known temperature. The rise ifi temperature of 
tFe surrounding water, as recorded by a delicate thermometer, 
•• will then give an absolutely accurate measurement of the 
amount of heat in the fuel, since the combustion is complete, 
as it is in high })ressure oxygen, and no heat can be lost, 
because it takes j)lace in a sealed bomb under the water. 

The “Civils” Code mentions on page 37, in the In- 
troduction, Appendix I., under the “ List of y^pparatus 
required for a Boiler Test,” item No. 13, ‘C i llarrus or other 
Calorimeter ' \ 

So far as I am aware no such instrument has ever been \n 
general use in Great Britain, the three best-known makes of 
oxygen bomb calorimeter in this country being the “ Mahier- 
Donkin,” the “ Mahler-Cooke ” and the “ Berthelot-Mahler,” 
all of which are most efficient instruments. 

The“Civils” C^ode would seem to imply that it regards 
the “ Barrus ” calorimeter (apparently an American instrument) 
as the best, but I would suggest that in the International Code 
any ap])roved make of oxygen bomb calorimeter would be 
allowefl. I'he American ■' Mechanicabs ” Code does not 
mention the Barrus calorimeter but recommends (p. 19) the 
Mahler type. 

The heating value so determined in a bomb calorimeter is 
* termed the “gross” or liigher heating value. This value, 
however, is not the same as the actual heating value available 
for a boiler from the combustion of the fuel in the fire, firstly 
because of the natural moisture, and, secondly,*bccause of the 
percentage of hydrogen., ill the coal. All coal contains such^ 
natural moisture, which ma^' vary from, say, 2 U. 8 per cent,, 
and if* the coal is completely dried, it at ^once re-absorbs this 
moisture from the air. Further, coal delivered to a boiler 
plant may contain up to 25 per cent, moisture ff it has been 
washed, or exposed to the weather./ dry coal contains 
hydrogen as one of its normal coitslituents, the amount 
usually varying^ fit) m 2 to 4 per cent. * 

•J. S. S. Brame (“ Fuel, Solid, Liquid and Gaseous,” 1919) 
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gives the ultimate composition of various coals as follows, 

that is, witliout taking into account ash and moisture: — 


t- 



C.uboti. 

n\(iioj:cn. 

Oxygen and 
: .itiogen. 

Splip.t coal (Fife) .... 


5 '00 

1 2 ‘So 

Gas coal (Durham) .... 

85-0 

5‘50 

8':?o 

Coking coal 

«7'3 i 

5-05 

6*go 

vSmokele.ss coal (Welsh) . 

1 


3 '90 

Anthracite (Scotch) 

gi*i 

3 ’5^' 

4-65 

„ (Welsh) 

gi'o 

i 

3-90 

4-28 


During the combustion of coal the hydrogen bums to 
water, and consequently in a bomb calorimeter the natural 
moisture of the coal, and the moisture formed by the burning 
of the hydrogen, is first volatilised to steam, which is enclosed 
in the bomb and cannot escai)e, and then, because of the cool- 
ing water outside, is condensed to water again inside the bomb, 
and gives up all its latent heat, which is therefore included in 
the gross heatifig value of the coal. 

For example, take a coal of 1 1 ,500 B.lh.U, gross heating 
value as determined in the bomb calorimeter, and having 5 
per cent, of natural moisture, and 4 0 per cent, of hydrogen, 
calculated to the coal as fired, and exclusive of the hydrogen 
in the moisture. 

If the water in the calorimeter jacket outside the bomb is 
60° F., so that the condensed water from the combustion of 
the coal inside^ the bomb will also be cooled to 60° F., the heat 
given up in the bomb by i lb. of water, in condensing from 
steam, would be 9707 B.Th.U., tUj latent* heat in I Ib. of 
steam, and rough'y 152 0 B.Th.U. in cooling from water at 
212 " to 60” K, that ‘is, a total of 1 1227 B.Th.JJ. 

Since tha percentage of moisture in the coal is 5, in I lb. 
of co^l which has a gro^s heating value as determined by the 
bomb calorimeter oftj,^oo B.Th.U. per lb., 56’i B.Th.U. (5 
per cent of 1/227) wdl be really due to thje natural moisture 
of the* coal, being retained yi the coal and codled to 60'’ F.® 
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If we assume, however, that in a boiler furnace all the 
water in the coal is vaporised, and passes right out of the 
ylant to the chimney base as steam in the flue gases, and the 
temperature of the coal when thrown into the fire is bo"' F. 
(and therefore the 5 per cent, water in the coal is also 60'' F.) 
and the temperature of the exit gases is, say, 350" K, the loss 
of heat per lb. of water in the coal will be i 54*6 units, to heat 
the water in the coal from 60" to 212 “ V. 07^'7 fo 

convert the water at 212'’ F. to steam at 212" F. (latent heat), 
and 62 units to heat the steam to 350" F. (the average tem- 
perature of the exit gases), taking the specific heat of steam at 
atmospheric pressure as 0*45, making thus a total of 1 187*3 
IkTh.r. 

Since the percentage of water in the coal is 5, the heat 
lost per lb. of coal is therefore 59*36 (5 percent, of 1187*3). 
The real net hcatijig value of the coal, for these particular 
conditions, taking into account the moisture only, is therefore 
11,500 59*36 = 1 1,440-6 B.Th.U. 

In the same way the 4 per cent, of hydrogen in the coal 
burns and forms an amount of water cipaivalent to 35*76 per 
cent, of the weight* of the coal (i part by weight of hydrogen 
unites with 7*94 parts of oxygen to give 8*9,4 of water), 
and, as before, this escapes up the chimney as steam at 
350' In The heat lost is therefore 424*6 B.Th.U. ( 357 ^ pof 
cent, of [ 187*3). 

x^lthough the gross heating value by means of a bomb 
calorimeter of such a coal is 11,500 B.Th.U., the actual 
net heating value undei The given practical conditions will^^ 
only be 11,500 - 59'3i»^- 424*6, that is, 11,016*2 B.Th.U., 
certainly a very serious difference. 

It is obvious, however, that in arriving at a lower heating 
value of the coal, it is not possible to include thTi various tem- 
peratures of the exit gases on differ#nt^boiler plants. If this 
was done, the higher the exit gases jltuxr therefore i^ly .^more in- 
efficient the plan>)*the lower would be the catculated lower 
heating value of the coal, which •would favour the plarit with 
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the highest exit temperature, and, further, the lower heating 
value of any fuel could not be given until the temperature of 
the exit gases of the corresponding boiler plant was know jji 
The only possible way, therefore,. is to assume that the tem- 
perature of the coal is 6o" E. and to deduct for each i lb. of 
water in the coal, say, i 54'b B.Th.U. to heat the water in tlie 
fires from 6o to 212 V. and 9707 B.Th.U. to convert i lb. of 
water at 212 ' h'. into steam at 212 E., that is, a total of, 

1 1 25 '3 B.’rh.Lh The reason for taking 212' E. is that this is 
in practice the theoretically perfect exit temperature of a boiler 
plant, because if the temperature was 21 1‘ E. all the water in 
the Hue gases, sometimes as much as 50 per cent, of the 
weight of the coal, would condense in the flues and render the 
plant unworkable. There is a further com{)lication with regard 
to this question of the higher and lower heating value. It 
does not necessarily follow that all the >’vater from the coal 
actinll}^ docs escape to the chimney as steam, carrying all the 
latent and other heat. It is true that the temperature in the 
chimney base is hardl)^ ever less than 300 to 350 E. and cer- 
tainly nothing approaching 212 ’ E., so that theoretically all 
the moisture should [)ass away as steatii, but it is almost 
certain that in exposed portions of the plant, such as^thc 
brickwork of the economiser, underneath the front of the 
boiler where cold air is almost always entering, and so on, 
some portion of the moisture is condensed locally. We know, 
for example, that this is often the case with the economiser 
pi[^)es, giving what is known as “ sweating,'’ which causes cor- 
» rosion. Whenever this local concluisation fakes place, the 
latent heat is given up to the plant, and does not pass away. 
If this is granted, it, is not absolutely correct to calculate the 
net heating value of the fuel as is done in the “ Civils ” Code, 
since we have an indeterminate and unknown factor which 
woulcf make the real ^rairtical heating value of the coal .some- 
where between the ordirfary gross (higher) and net (lower) 
figures^ although of course the usual calkul^ted net figure 
would be much more accura'te than the gross figure. 
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The chief objection, however, to the method of usiiu^ the 
; calculated net or lower heating value is the necessity of 
^carrying out every time the complicated and troublesome 
organic analysis of the percentage of hydrogen in the coal. 

As already emphasised, we have to look at this boiler 
plant^testing from a practical point of view, as something 
which must be done regularly as part of the routine of the 
plant. 

I would suggest, therefore, in the International Code to 
abandon the idea of using the calculated net or lower heating 
value, and to substitute for it the higher heating value as ob- 
tained in the ox)’gen bomb calorimeter from the dried sample 
of fuel, and then calculated back to the percentage of moisture. 
That is to say, the jjercentage of moisture in the coal would 
be first determined, and the heating value of the dried coal 
obtained by means •of the bomb calorimeter. 

d'hus, to take an actual case, a given water-tube boiler 
evaporated 3 [ 0,000 lbs. of water in <S-00 hours, the temperature 
of the water being iio' V. before the economisers and 275‘0’ 
F. after. The boiler pressure was 200 lbs. (gauge) and the 
superheat temperatfire 645 ' V. (specific heat calculated as 
0‘54^). The amount of coal burnt was 53,850 lbs. The 
, coal on analysis was found to contain i r58 per cent, of 
moisture, and the actual gross heating value of the dried coal 
was 10,823 B.Th.LJ. per lb., whilst the percentage of hydrogen 
in the dried coal was 375 (determined specialjy for this ex- 
ample). The corresponding simple calculated gross heating 
value for the coaJ as firerj* would be 9570 IkTh.U. (10,823 in 
the dry and 9570 in the'dam^), with 11*58 per cent, of water). 
The calculated lower heating value, according to the method I 
should propose, would be 9439 7 B.Th.U., that i^, the loss by 
heating 11-58 per cent, of water in the coal from 60 to^2i2’ 

f J 1 1 -58 X 1 54-6\ 
F. (= 17*90 B.Th.U. being, as alreclcly T-een, , J 

and converting ij; into steam at 212' F. ( -^ i I2'4i bei^ig, as 

• • 
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before, 11-58 x jqq J* making a total of 130-3 B.Th.U. to be 

deducted (9570 - 130*3 = 94397). The calculated lower^. 
heating value, including the organic hydrogen, would 6e 
9106-9 B.Th.U. The percentage of organic hydrogen in the 
dried coal being 3-75, this in the damp coal (i 1*58 per cent, 
water) corresponds to 3 32 per cent. As already seen,* 3*32 
percent, hydrogen produces 3-32 x 894 = 29-68 water, and 
this on heating from 60 to 212' P". and converted to steam 
at 212" ¥. will absorb 333-9 B.Th.U., so that, added to 130-3 
B.Th.U., due to the moisture, the total deduction will be 
464*2 B.Th.U., that is, 9571 - 464-2 = 9105*8 B.Th.U. 
Further, the gross heating value, as determined by the bomb 
calorimeter, of the damj) coal as fired was found to be 0521 
B.Th.U. We have therefore three distinct heating values 
possible for this coal, namely, 9521 B.Th.U., the gross value 
in the bomb as fired, 94397, the calculated net value, not 
including the organic hydrogen but including the water and 
assuming an exit temperature of 212 E. on the plant, and 
9105*8, including both the water and the hydrogen, and 
assuming as before an exit temperature o(,2i2''' P". 

The objection to the method suggested, that is, ignoring 
the organic hydrogen, is of course that this organic hydrogen 
content may vary from almost zero in the case of coke, up to ' 
as high as 4 to 5 per cent, in very bituminous coal. I have 
drawn a curve (Pig. i) showing the number of B.Th.U. to be 
deducted for i^ny corresponding percentage of hydrogen, and 
as seen, the figure is practically loo,P 3 .Th.U. for ev^ery ro per 
cent, organic hydrogen in the coal, jjy the meihod suggested, 
therefore, the larger the percenta*ge of hydrogen in a c 9 al, the 
greater is the error In favour of the boiler plafit, so that with 
any given plknt the best calculated results would be shown by 
usiiij^ a bituminous coa^, and the worst by using anthracite, 
and above all, coke. ^N^ecare faced, however, with the difficulty 
that to obtain the greatest accuracy on .this point a greatly 
increa*.sed amount of trouble is necessary, and, in my opinion, 
this is not justified from a practical point of view.,, 
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Another suggestion, however, would be to take the 
percentage of hydrogen in all coals as cither the arbitrary 
%gure of 3 per cent., or perhaps 0-03 per cent, of the heating 
value as^ determined in the dried coal, and calculated for 
moisture only. In the former case 300 B.Th.U. would then 
be subtracted, and in the latter case, with a heating value of 



Fig. I. — Curve sho\tin{j the y.Th.Us. to be deducted for corresponding 


percentage of hydrogen c|fculatcd in the coal as tired. 

94397 B.Th.U! the figure would be 94397 x 0-03 == 283-19. 
This, subtracted from 94397, would give 9156-5* as the final 
heating value. Some such arrangofnejt would reduce the 
practical error to a negligible quantity, and would probably 
be as accurate as fhe present complicated metlTod involving 
the* determination of hydrogen. * 
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In order to show the different efficiency figures obtained 
by these various heatin<4 values, the actual figures of the test 
results already given, work out as follows : — ^ 



1 

'i‘i IT /■' 111 I^iy 

, > r andCal- 

Ul.wlly .he . , ^ , 

LoaUs .ml, 1 

1 

It.'rh.U. in Dr)’ 
Co.'il aiul Cal- 
ciil.'ilcil tor 
Moisture and 
Organic 
Hydrogen. 
9105-8 B.Th.U. 

« 

H.Th.lJ, in Dry 
Coal and Cal- 
culated for 

M'* istnre and 
o’Oj >: Heat 
Value in Lieu 
of Hydrogen, 
9if)fi-5 B.Th.U. 

Ntt working' efficiency of plant 
after cleductin}^ 1-5 per 
cent, auxiliary steam used 

I’cr Cent. i 

1 

I’ev Cent. 

Per Cent. 

Bur Cent, 

on the plant 

7rio 

7576 

: 7^'54 

78*12 

Heat absorbed by the boiler . 
Heat absorbed by the (cono- 

5770 ! 

58*^0 

: bu74 

Co *02 

niiser .... 

Heat absorbed by tbe super- 

TO-15 i 

10*^3 

; loffio 


heater .... 

1 

S*,|8 

! .S\So 

«75 


There is, therefore, a difference (d about 2.1 to 3 per cent, 
in the efficiency, according as to whether organic h\’drogen is 
included or not, always remembering that in the latter case 
we assume the coal to be 60’ F. and all the moisture from the 
coal escapes from the boiler plant as steam at 212 F. 

in view of the great confusion existing on this point, 'and 
the trouble necessary to determine the organic hydrogen, the 
400 tests have, as already stated, been calculated according to 
the more usual practice on the gross heating value of the fuels 
as determineci, by the bomb calorimeter. In pro{)osing now 
to use a calculated lower figure, ignoring the organic hydrogen, 
it has always to be remembered thah any International Code 
gives the minimum data necessary. There is nothing to 
prevent any given test, by arrangement, including the organic 
hydrogen as fupplementary. 

5., Flue Gas Analysis. — I am of the opinion that the 
methods suggested 1 :^_ b^)th Codes for flue gas analysis are 
out-of-uate. ^They do not explain at all ^learly what is the 
object' of flue gas analysis, and confine their attention almost 
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entirely to the old-fashioned method of hand analysis, and 
even then the methods described are often not [jractical. 

With regard to the theory of gas analysis: Air contains 
2 1 per cent, of oxygen by volume, and if coal (or other fuel) 
was pure carbon, and just the right amount of air was used, 
then the flue gases, that is, the air after passing through the 
fires, would contain 21 per cent, carbon dioxide (COj. Since 
coal is not pure carbon, and, as fired, may contain only 
from 60 to 90 per cent., whilst at the same time hydrogen is 
present to the extent of say 2 to 4 per cent., which burns to 
water, it is obvious that 21 per cent. cannot be obtained, 
even if the combustion is perfect. With anthracite or coke, 
say 18 to 19,5 percent, can be regarded as a theoretical figure, 
and for ordinary semi-bituminous .steam coal say 17 to 18 
per cent. If less than these figures for CO., arc obtained, it 
may indicate that crifcess air is passing through the furnace, 
that is to say, there is a drop in eftieiency due to this excess 
air carrying heat away from the jdant. We have also to 
consider the case when less air than the theoretical is passing 
through the fires. In this case part of the carbon of the fuel 
only burns to CO (carbon monoxide) because there is not 
sufficient oxygen to complete the combustion to CO.,, and the 
flue gases contain free CO along with a high percentage of 
COj. This repre.sents a very serious loss in efificienc\’ because 
CO is an inflammable gas, and i lb. of carbon burnt to CO 
only gives 4400 B. Th.U. instead of 14,544 B.Th.C., wh.en 
})ro[)crly burnt to CO.^. 

Also, it is po.s^sible to have CO, CO^ and excess air [)resent 
in a flue gas at the same ti^ne, because in one part of the 
furnace there may be an excess of air and in another part a 
deficiency. Generally, however, a low COo percentage means 
no CO, and CO is usually pre.sent to an appreciable amount 
only when there is a high COo percenfacy. It may be arlded 
that flue gases may contain also minute amounts of methane 
(CHJ, hydrogen {M*) and sulphur dioxide (SO., j, but these are 
of no practical importance. 
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It will be obvious, therefore, that the analysis of the flue 
gas is a vital part, not only of the testing of a boiler plant, 
but also of its daily running as well, and if the flue gases ar^ 
not analysed regularly it is not possible to keep the plant up 
to the highest efficiency by controlling the firing. 

The principle of flue gas analysis is to take a measurerl 
volume of the gas, say loo c.c., at normal temperature and 
pressure, and to pass it through 20 to 25 per cent, caustic potash 
solution. This absorbs the CO.^ (and any trades of sulphur di- 
oxide or other acid gases), and the reduction in volume gives 
the percentage of CO^, /.<?., if 90 c.c. of gas is left, there is 10 
per cent, of COo. The 90 c.c. of gas is then passed through 
percent, pyrogallic acid in 25 per cent, caustic potash solution 
(or over phosphorus), which absorbs the oxygen, and after the 
further reduction in volume has been read off, the remaining 
gas is passed into a solution of 12 per oent. cuprous chloride 
in 25 [)er cent, hydrochloric acid, which absorbs the CO. 

.Such an analysis is carried out by hand in an “ Orsat” or 
similar apparatus, but the process is very tedious and takes 
twenty to thirty minutes for one analysis, and it is not sur- 
prising, therefore, that many attempts iiave been made to 
invent a continuous gas analysing machine. The ideal for 
boiler testing and control would be a machine that would give 
a record every few minutes of the percentage of CO;, and CO 
and other escaping inflammable gas. Only within the last 
few months has such a machine been perfected, after )'cars of 
experimenting, by the Svenska Aktiebolaget “Mono” Co. of 
Stockholm, and is now on the American and British markets 
under the name of the “ Duplex .Mono ” (automatic gas analys- 
ing machine). 

This machine is a revolution in flue gas analysis, as it takes 
automaticalfy a sample of flue gas at the rate of twenty times 
an hour, determines^ thL percentage of COn in every alternate 
sampC and writes down the result on a chart together with the 
time of the analysis, and in the other alternate .^sample burns first 
in the machine the unburnt* gas to COg, and then determines the 
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CO2, the increase being clue to iinburnt gas. It is difticiilt to 
explain the operation of the “ Duplex Mono” in a few words, 
* Snit the machine works by the rise and fall of mercury driven 
by water power or compressed air, and the samples of flue gas 
are automatically and alternately diverted direct to the caustic 
potash solution for the determination of CO.j and then through 
a small electric heated furnace containing copper oxide on the 
to[) of the machine in which all unburnt gas is consumed, and 
afterwards to the caustic potash. Specimen charts are shown 
in Figs. 2 and 3. In Fig. 2, following the points B and C, there 
is a large amount of unburnt gas, since the records of each 
alternate analysis are far apart. If one series of .samples 
shows about 10 per cent. COj and the alternate series 12 per 
cent, it is a clear indication of unburnt gas, since the CO has 
been burnt to COj in the electric furnace and increased the 
percentage of CO..^ The ideal is shown in Fig. 3 where 
the average COu for many hours is about 1 1 per cent., with 
only a little CO for half an hour. 

The “Duplex Mono” is illustrated in Figs. 4, 5, 6, and a 
previous machine for the determination of CO and unburnt 
gases only in Fig. /. The original “Mono” CO.j Recorder 
only is identical with the “Duplex Mono” but without the 
mechanism for CO determination. 

In this way, for the first time, we can obtain on a boiler 
plant the “critical point of efficient combustion,” that is, the 
maximum CO, with absence of CO and unburnt gases. 

Ordinary Combustion Recorders, that is, continuous gas 
analysitig machiues for determining the percentage of CO., 
only, have been known for njatiy years. Such machines will 
also give on the average twenty analyses per hour, writing 
down the result, together with the time of analysis, upon a 
chart, and are indispen.sable for modern boiler plant testing 
and control. ^ 0 

For some extraordinary reason it has always bef¥n the 
custom for most j'ecT)gnised authorities on boiler plant testing 
to efisparage the CO2 Recorder. 



68 


BOILia^ IM.ANT T]':STIXG 


'I'hus the AmcMMcan “ Mechanicals ” Code says (p. 19) : — 

‘ instruments known as CO2 Recorders are useful, if their 
accuracy is established.” ^ 

and the whole of the rest of the s[)ace (pp. 19, 46, and 172- 
174) devoted to flue ^as analysis is taken up with a detailed 
description of the “ Orsat ” and “ Hempel ” hand appi^'ratus. 
The only reference in the “ Civils ” Code is as follows (p. 
70) - 

“If the percentage of carbon dioxide alone is required, 
the ‘Ados' or any other good recording instrument may be 
adv’antageously used, provided that it is checked before and 
during the trial.” 

It may be stated that the “ Ados,” a German machine, 
which is obviously regarded by the “ Civils” Code as tlie best, 
is so conqdetely antiquated that the last' instrument was sold 
in this country fifteen years ago (that is in 1907). It be- 
longed to the very earl)’ type of Combustion Recorder worked 
by means of a large gasometer actuated by the chimney 
draught, and would be regarded to-day as a curiosit)’. 

'Fhe “Civils” Committee seem to be totally unaware that 
there are on the market a large number of CO^ Recor iers, 
almost any one of which will give continuous and accurate 
records of the percentage of COo. 

When the “ Civils” Code was rcvi.sed in 1913, 1 -he follow- 
ing instruments were on .sale in this country (as they are to- 
day), either by the i^ritish manufacturers or their agents, or 
by British agents of foreign manufacturers 

“Albion” (Britisn) 

“ Auto ” (British) 

' “ Bi meter ” (British) 

' “ Mono ” (Swedish) 

“ Sarco ” (British) 

“ Simmance-Abady ” (British) 

“ Ward ” (British) 




Fig 1 - “ n.iplex Mono,” closed as wlicn workin<> normally*.!! the lueholc. 
■ ' ' IT.. /.!.%/■. 



!'rc,. 5. “ Duplex Mono," from view, with door open 
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and there are now the following additional instruments put on 
tlK^ British market since 1913 - 

"Cambridge Klectrical” (British) 

" Hays ” (American) 

“W.R. ” Combustion Indicator (British), 

There must be almost an equal number of different makes 
of CO., Recorders on the American market, and there are also 
a number of continental machines, chielly Id-ench, German 
and Dutch. To insinuate that all these instruments, most of 
which have been on the market for years, and in many cases 
tested and certified correct by the National Physical 1 ,aborator}’, 
cannot be used for determining accurately the percentage of 
CO.j on a boiler test is, in my opinion, not only ridiculous, 
but grossly unfair to most makers of CO.^ Recorders. 

It might be thought therefore that, as far as the “Civils ” 
Code is concerned, the section relating to k'lue Gas Analyses 
was originally drawn up in the years 1897-190:’, when 
there may have been a good excuse for ignoring the CO.j 
Recorder, and that the Revision Committee of 1913 had 
practically left the original Instructions alone, although they 
werfi by this time hopelessls’ out-of-date. In spite of this, 
however, it is explicitly stated in the introductory letter (p. 4) 
that one of the .sections revised was the sampling and analysis 
of the flue gases. 

The “ Civils ” Code, jis seems to be usyal when any 
modern appliance is consirjfjred, throws doubt on the accuracy 
of all CO^ Recorders, and states they must be checked, not 
only before the trial, but dufing it as well (!). It may be re- 
marked that to test the accuracy of most CO^, Recorders, all 
that is necessary is to let the instrument run ot>air for a few 
minutes to ensure that the chart record \s ^xactly O'O peiicent. 
CO.^. To talk of testing a CO.^ Rect)rd^r “during ” the trial, 
that is every few hours, is childish, and one is competed to 
conje to the conclusion that mo^t of the members ^f the 
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“Civils” Committee have had little or no experience with 
CO.j Recorders. 

I would like to guarantee that the results given by the 
average (X).j Recorder are far less liable to error than the 
clumsy methods of hand analysis recommended by the 
“ Civils ” Code, apart from the fact that the average, CO., 
Recorder will give twenty analyses in the same time that it 
takes to carry out three or four analyses by hand. 

In the International Code I would make it compulsory 
to use a CO^ Recorder working at a proper speed of say 
fifteen analyses per hour, but preferably twenty analyses, so 
that on the day’s trial at least 150 CO.j determinations will 
be carried out. Further, I would suggest that the CO.j Re 
corder be worked day and night on the plant for the whole 
week’s check test, say six or seven hours in turn, taking flue 
gas from essential ])ortions, such as the downtake or side flue 
of “ Lancashire” boilers, or entrance to the main flue of each 
water- tube boiler, the main flue, chimney base, etc., so that 
during the whole test about 2 <;oo analyses of CO*^ would have 
been carried out. There is very little trouble in obtaining re- 
sults like this with a CO^ Recorder, and in* fact it is much less 
trouble to get 500 analyses with a recorder than to carry* out 
ten analyses by hand. 

I have used CC\ Recorders on every one of the tests of 
400 boiler plants during the last twelve years or so, and it is 
possible to taljc a CO2 Recorder , equipment on to a boiler 
plant and have it recording the percentage of CO2 on a chart 
at the rate of twenty analyses })er hour in fifteen minutes from 
the time of arrival on the plant.* P"or convenience, it is best 
to have the instruments taken out of their original iron cases 
and installed,<n special wooden cases, so that they can easily 
be cap'ied about and Jliung up on the wall close to the boilers. 
Most CO., Recorderstusoia trickle of water (3 to 5 gallons per 
hour) drive them, and the easiest method is to place on the top 
of the#recorder a small galvvanised iron cistern, specially n^de 
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to fit, and holding about 2 ^^allons of water. All that is 
1%1^'dcd to work the instrument is a bucket of water, the tank 
bcin<^^ filled, the water allowed to work tin- CO., Recorder 
throii^di a tap, and run down into the bucket underneatli, 
when it can be returned to the tank about every half-hour. 
At the points of analysis .1-in. W. I. {)ipes are inserted in the 
flues, and provided with rubber corks through which a piece 
of glass tube is inserted. The CO.^ Recorder is then hung up 
near tlie chief points, and connected to the glass tube by 
means of a thick india-rubber tube. The other end of the 
C 0 ._, Recorder is connected in the same way to aiU)ther |)iece 
of l-in. W. 1 . ])ipe inserted in the chimney base or adjacent 
main due. A convenient way to do this is to take several 
lengths of , 1 -in, W.I. pipe and lay them on the floor tempor- 
arily for the test By this arrangement a continuous circula- 
tion of flue gas is ensured, that is to say, if, for example, the 
jjoint of analysis is the side flues of a “ Lancashire ” boiler, 
the draught in the chimney base pulls a continual current of 
flue gas from the side flues through the CO.j Recorder, and 
there is no inaccuracy diue to “ lag ” in th.e pipes. 

As already stat^l, this question of CO. is also of the greatest 
importance in the regular working of a boiler plant, and it is 
moht unfortunate, to say the least of it, that the i)resent 
Stan lard Boiler Te.sting Codes should not only be out-of-date 
in this respect, but should also disparage the CO. Recorder in 
the most unjustifiable manner. 

In the 400 tests since 1908, with which T have been as- 
sociated, there i,s included approximately 400,000 analyses of 
CO.j by means of COj, Rec(yders, and the average figures of 
COo for all these tests is only 7-5 per cent., and I should 
estimate that at least 90 per cent, of the boiler plants of 
Great Britain are unprovided with CO. Recorders in running 
order. • ^ • * 

The figures for the 400 plants arc divided as follev^ : — 
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cent, as the inaxinnini CO., obtainable. That is to say, on 
tii^annual coal bill in (ire it Ih'itain lor steam i^eneration ol 
go, 000,000 tons, the loss due to low CO. is no less than 
g, goo, 000 tons ])er annum. 

With rcLjard to the analysis for CO, there has been no 
option but to use hand methods, since the new “ Uuplex 
Mono,” already described, is only just cominy^ on the 
market. 

The recommendations of the “ C'ivils ” Code with reyaol 
to the hand methods to be used for the analysis ol Hue Lyi.ses 
are as follows (pp. 68-69): — 

“It is es.sential that the temperature of the Hue ^ases 
should be taken at the same point as that Irom which the 
.sample for analysis is drawn. Great care must be taken to 
avoid their dilution by air leakini^ between the boiler and the 
surrounding;' brickw'ork, through cracks in the brickwork or 
throu;.4h ill-fitting damiier frames or other openings in the ex- 
ternal Hues. 

“ Since the gases cannot l.)e assumed to be homogencDiis, 
an attempt must be made to obtain an average sample through- 
out the width of the flue ; it should be remembered, moreover, 
that (11 the gas numt be drawn into the sain[)le tube at a uni- 
form rate [)er hour, (2) the gas in the dead space bewveen the 
flue and the sample tube must be eliminated, (8) the gas in 
the sample tube must not be allowed to diffuse hack again 
into the main tube or be drawn back into the main current 
by sudden changes of [)ressure. ” ‘ 

» 

i he note ^ is as followif together with the ilTustraiion : — 

“ Condition is not satisfied b)' any of the ordinary forms 
on the maiket. 'Fhat sho\s#i in F'ig. 6 (see next i>age; has 
been designerl by Mr. G. Nevill Hiintly to fulfil (i), (2), and 
(3). The gas is drawn in at A, the dead space is cleared by 
sucking at R ; the rate at which the gas is drawn is fixed 
by the distance C-D, and this can Jl)e*i’4creased by joining 
a piece of glass tube with rubbcT t8 1 ). The gas in K 
cannot be sucked back and cannot diffu.se back, life two 
3-vvay taps gre^itly simplify the transference ot gi^s lor 
analysis.” 
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The Code then goes on to say 


“It is often necessary and advisable to carry out 'i?fle 
analysis of the gases at once. One of the most convenient 
arrangements for this purpose is the ‘ Orsat ’ apparatus, as it 
requires no supply of pure water and no bottles of chemicals. 

“ A calibrated ‘ Orsat ’ appar- 



atus with mercury as a confining 
liquid gives satisfactory results 
for carbon dioxide, but is not 
suitable for determining carbonic 
oxide. The commercial pattern 
is not recommended for the de- 
termination of oxygen. Instruc- 
tions for use are issued by the 
makers of the different instru- 
ments. 

“If the gases are anal}’sed on 
the spot the determination of 
carbon dioxide alone is advisable ; 
this will permit of tests every 
fifteen minutes. If a fuller 
analysis is deemed necessary a 
series of continuous samples 
should be d^awn off into small 
tubes over mercury and analysed 
either during or as soon as pos- 
sible after the trial.” 

The reason of all these com- 
plicatbns is not very clear, but 
seem?! to be due to the fallacy 
in the “ Civils Code of trying 
to calculate the efhciency of a 
boiler plant from the analysis of 


y* ^ the flue gases. 

' it IS most extraordinary that 

anyoiTc should suggest ttnat it is nece.ssary to collect samples 
of flu«^gas over rhercury. The samples taken according to 


the methods suggested would be so smaM in size that they 
could not possibly be an average of the vast volume of flue 



CRITICISMS OF KXISTINCx CODES 


75 


gases ill an ordinary boiler plant, and if we are going to use 
ift^cury to take samples even approximating to a true average, 
we should require Imndredweights of mercur)', not ounces. 

All this worry about “dead space,” “diffusing back,” 
“changes of [iressure,” “temperature of the gas,” etc., is 
simplv a waste of time on a practical boiler test. It is r[uitc 
simple to obviate it by drawing two or three samples of flue 
gas into an “Orsat” or other hand apparatus one after the 
'Other, and only analysing the last sample. In any case there 
is no need to use mercury, and a solution of gi)'cerine and 
water will givx^ results just as accurate after it has been in 
contact with flue gas for a short time and become saturated. 
The makers of the “ Orsat ” apparatus will be considerably 
astonished to learn that “the use of mercury as a confining 
liquid” is recommended, and also that the “commercial 
pattern ” — whatever this may mean — is not suitalde for the 
determination of oxygen. In any case, to carry out only 
four analyses per hour is nothing like sufficient to get a 
[)roper average, and, as already staled, a CO^ Recorder will 
give about twenty analyses per hour. It is very little use to 
take “ snap” tests ^ quarter of an hour intervals, because the 
con^position of the flue gas varies almost continuousl)', as a 
COo Recorder soon shows. 

In order to collect average samples of flue gas over a 
period, the “ Civils ” Code .states, on i)age Cxj : — 

“For a permanent a{)t)aratus the arrangeiftcnt of collect- 
ing-tubes illustrated by Mr. Hreckenridge is probably the 
best. It averages gas both for temperature measurements 
and gas samples. It mustfhowever, be built into the flue, 
and hence is only suitable for a permanent installation. Mr. 
Breckenridge has shown, however, that a sin^e steel tube 
closed at the inner end and perforated with a .series of holes ■ 
throughout its length takes a goo^ itvjrage sample » it is 
readily withdrawn for cleaning, and Is tUc! tnost pract’cal form 
for temporary trials. A very much larger quantity <)f gas 
must be drawn from the flue than is taken for analysis^ The 
sample is drawn from a small tube*joincd to the main aspirating 
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tube ; the latter may be of half-inch bore, and the current 
may be conveniently j)roduced by a steam- or water ejec^''. 
A test should be made for gas-tiLjEtness before and after trial. ’’ 

The notes at the bottom of page 69 are as follows : — 

“ “ A study of four hundred steam tests made at the Fuel 
Testing Station, St. Louis, Mo., 1904-1906. ‘United States 
(geological wSurvey, Bulletin 325, Washington, 1907,’ page i 57.” 

“-The area of these holes must be small as compared 
with that of the bore of the pipe, otherwise ItVss gas will enter 
the tube near its closed end than elsewhere.” 

According therefore to the “ Civils ” Code we are recom- 
mended, for the collection of large samples of flue gas, to use 
some method devised years ago by Professor Brcckenridge 
of U.S.A., no further information being given. Presumably 
when a boiler test is contemplated every one has to write out 
to the United States Geological Survey. Accordingly I wrote 
to Washington, U.S.A., and i am informed (May, 1921) ve>y 
courtt:ously that the publication in question has been out of 
print for a very long time and is no longer available from any 
official source in America. It will give some idea as to the 
practical value of the “ Civils” Code when it recommends an 
American method described in some publication twenty ytars 
old, and which has apparently been out of print for years in 
the land of its origin, 

I fail to understand what is the need of all this trouble 
about collecting large samples of flue gas, which is a perfectly 
simple operation. For a few poljnds one can buy a very 
efficient gas collecting apparatus, which r/ill collect say 
15,000 to 20,000 c.c. of flue gaj* at any desired speed. For 
example, we have the “Hays” Gas Collector as illustrated, 
P'igs. 10 and^i. 

In this apparatus a water supply pi[)e is connected to the 
valve WV and the lar^e t*.nk of the collector about half filled 
with \^»Ter, with a pint of engine oil poured on the top, so 
that the water in the collector does not altsorb any CQ.>. 
The inlet for the flue gas is through the valve G\^on a i-in. 
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pipe. To work the collector the flue ^as valve GV is closed 
tk(;^alve GC opened and the supply of water turned on hy 
• openin<^r the water valve W V so as to slowly fill the whole of the 



Fig. t r. — Working principle of the “ Mays” /futomatic Mas Collector. 

$ 

collector with water until it befjins to How out of the o'/^rflovv 
OF, when the valv(5 WV is shut off. The valve GC is then 
closed and the flue gas valve (iV opened. 
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Water will then flow from the tank T into the flow regu- 
lator R and be discharged through the drip DC. The 
of the water, that is, of the collection of the flue gas through 
GV, will be absolutely steady, depending on how much DC 
is open and is quite regardless of the level of the water in T. 
If this flow regulator is not provided, a simple bottle or 
cylinder filled with water and allowed to empty itself will not 
give a true average sample over a number of hours because, 
as the vessel empties, the rate of flow of thenvater diminishes, 
as the “head ” of the water is less in the apparatus. 

These gas collectors can be installed permanently at 
different [)()ints of the plant, and one instrument retained for 
carrying about for temporary installation at any other points 
of the plant. The sample of gas for analysis is withdrawn 
by the “Orsat” apparatus through the valve GC and after 
analysis the gas content is expelled and the apparatus is 
ready for use again. The content is very large, about 17,500 
C.C., and the rate of collection can be fairly rapid, say, 2000 
c.c. [)er hour. 

This large sample of gas can then be analysed at leisure 
for COo, CO and oxygen, and the figure« for CO^ will be a 
useful check on the CO^ Recorder. , 

I would suggest, therefore, that the International Code 
insists upon a large sample of gas being taken continuously, 
say 2000 c.c. [)er hour, and this large sample be tlien analysed 
for CO.j, CO and oxygen. 

The next* question is the j^qints at which to draw the 
samples of flue gas, and this concerns also, the methods of 
calculation. I n the “ Civils ’’ Code flue gas analysis is intended 
primarily, as already stated, as a basis for the “ heat balance ” 
of the plant and therefore it is necessary to draw samples of 
gas from the chimney base, that is the final e.xit of the plant, 
so asVo calculate — ^Tymithe analysis of the gas — the amount 
of hcp^ lost by the* plant. 1 propose to discuss in detail the 
method of calculation in later pages, but vill^say here that in 

my opinion this method of t:alculation is not so accurate, and 

s 
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is ^infinitely more complicated and troublesome, than the 
single method based on the actual heat in the coal. 

The difficulties of the “Civils” Code method are shown 
by the following paragraph from the code (p. 70) : — 

» 

‘‘Since the amount of heat carried away by the flue gases 
is prOlportional to their volume, and this volume is at any 
instant inversely proportional to the amount of carbon dioxide 
by volume, the mean percentage found from a recording in- 
strument or front the analysis of an average gas sample is not 
exactly that re(|uired. The error from this cause, with a 
boiler fired from a mechanical stoker, will probably be under 
0‘I per cent, of CCX ; with a hand-fired boiler it may be as 
high as 0’5 per cent.; with, say, to per cent, of carbon 
dioxide in the Hue gas this would mean errors of i per cent, 
and 5 per cent, respectively in the heat l)alance, and renders 
unnecessary a higher accuracy than O'l per cent, on the 
carbon dioxide ; for this accuracy to be reached the gas 
sample must be collected over mercury. Considerable errors 
may occur if water is used, and the next best fluid to mercury 
is a mixture of equal volumes of glycerol and water, when the 
error would probably not exceed 0 4 per cent. 

“ 'i'he apparatus used for gas analysis, therefore, must be 
correct to 01 percent, for carbon dioxide and oxygen, 0’05 
per cent, for carbon monoxide, and 0’02 for methane. The.^e 
corr?spond roughly on an average heat balance with about 
0*25 per cent, of the total heat available. 

“When boilers arc fired by mechanical stokers, the gas 
samples may be drawn directly into an analysing apparatus, 
but when the firing is by hand continuous collection is neces- 
sary to ensure correct results. ^ 

“When all the gas aspirated [)asses into the collecting- 
vessel the voluint; of the as[)irating-tube must be very small 
compared with the volume of»the vessel into which the gas is 
drawn, otherwi^^e the .sample collected will contain little besides 
the gas lying in the tube when the collection was^ begun.” 

I suggest in the International C'''»de* ti) abandon eiitirely 
this “heat balance sheet” method o(* cafcuhition, and to, take 
the samples of flue «^as as near the furnace as possible, .so as 
to get proper intormation as to tlifc state of the firing. ^ That 
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is to say, the sami)lc pipes, say i-inch W-.L, should^ be 
j)laced ill tlic downtakc or side flues of “ T>ancashirc^ «vr 
“Cornish” boilers, in the furnace exit of water-tube boilers, 
the front uptake on marine boilers and so on. Samples can 
of course be taken at various other points as already described., 
to detect air leakai^es, and an efficient permanent installation 
for a CO,, Recorder, with connection to take samples for h.and 
analyses, has pipes with valves connected to all the {)oints, so 
that any [)oint on the plant can be switched! on to the COv 
Recorder at will, whilst at the same time the ^^as is filtered 
from dust and dirt throui;h a filter, and a continuous current 
of ^^as maintained through the circuit to do away with “ lag” 
errors. 

6. The Method of Measuring the Boiler Feed-Water. 

— In order to measure the amount of water evaporated there are 
two general methods that can be adopted, namely, (i) weigh- 
ing the water or measuring its volume in tanks, and (2) using 
a water meter. A third j)Ossibility, that of measuring the 
output of the t)lant as actual steam by means of steam meters, 
will be discussed later (p. LG)- 

The “ Civils ” Code gives a most elaborate account, occupy- 
ing no less than eleven pages (pp. 38-49)) methofjs to 

be used, insisting on the tank method only, even at sea. 
The reference to water meters is as follows (p. 46, No. 6, 
“ Feed Meters”) : — 

“ iffied rni ters are not recommended for scientific trials, 
but as some makes apj^-car to be capab’e of g’ving results 
within I per cent, of accuracy, they may be usefully employed 
in many cases when it is desired to obtitin an approximate 
idea of the normal performance of the boilers ; they should, 
however, be calibrated before and after the trial with water at 
the temperature of the feed. A “ Venturi ” meter, for instance, 
or apiotch gauge, mry be used for the continuous measure- 
ment of water wlieii tfle quantity is large, and the flow is 
fairl>% steady, as giving fairly accurate results.” 

This is altogether a qiost remarkable p aragraph. It is 
stated that some meters “appear to be capabl^C’ of giving 
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res^ilts accurate to i per cent., in which case they can be used 
\Wien “approximate’* results are obtained. If any water 
meter is accurate to i per cent., then in my opinion it is 
probably more accurate than the “Civils” method of weiglied 
JUmks, and much more suitable for all boiler trials, no matter 
how “scientific”. 1 have had a fairly long experience of 
boiler trials carried out by means of tanks, and even when the 
gn:atest care is taken, very few trials are accurate to i per 
. cent, b)' this metilod. The operation is in practice extremely 
clumsy and tedious, and the observers (juickly get tired of the 
monotonous operations, .so that errors soon tend to creep in 
every time a tank is filled and emptied. Further, whilst a 
meter can be calibrated “ before and after the trial ” and any 
errors detected, it is impossible to do this with the tank 
method, although the error is likely to be as much, if not 
more, than a water meter. 

As with CO^> Recorders, the above paragra])h may have 
applied to 1897-1901, when the “(’ivils” Code originated, 
but to say that it applies at the [)resent time, or even in 1913 
when the C'ode was revised, is (juite wrong. Idiere are at the 
present time nearl)« twent\' different makes of boiler feed 
inetei;, Rrilish and American, on sale in this country ; apart 
from many continental meters, and for the “Civils” Code to 
maintain that all these meters are not accurate enough for the 
very purpose for which they are specifically designed, namel)', 
boiler testing, is a very strong statement, to sa^' the least of 
it, and one which is made wEhout an\' apparent justification. 

The Americaji “Mechanicals” Code is, as usual, much 
more up-to-date and states thi^ following (p. 12): — 

“9 /a llai/i'r' / Fd7>///;/g'- a ad Jllvasurlai^' Apparatus . — 
(l) Feed-water . — Wherever practicable the Ieed-\\*ater should 
be weighed, esjjccially for guarantee testf^. The most satis- 
factory and reliable apfiaratus for ' thif. ^jur[)osc consists 
of one or more tanks each placeil on platform scales, t 4 iese 
being elevated a .diffident distance above the lloca^ to 
emjfty into a receiving tank placefl below, the latter being 
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coiint-cled to the feed pump. Where only one*\veighing /aifk 
is used the receiving tank should be of larger size than tj^e 
weighing tank, to afford sufficient reserve supj)ly to the^ump 
while the upper tank is filling. If a single weighing tank is 
used it should preferably be of such capacity as to require 
emptying not oftener than every five minutes. If two iTr 
more tanks are used, the intervals between successive^empty- 
ings should not be less than three minutes. Measuring tanks 
calibrated by weighing may also be used. 

“ In tests of complete steam power plants, where it is 
required to measure the feed-water without unnecessary change 
in the working conditions, a water meter may be employed. 
Meter measurement may also be required in many other case.s, 
such as locomotive and marine service. The accuracy of 
meters should be determined by calibration in place under the 
conditions of use. 

“ If a large quantity of water is to be measured, an automatic 
water-weigher, a rotary, disk, or Venturi meter, a weir, or 
some form of orifice measurement may be employed. In any 
case the measuring apparatus should be calibrated under the 
conditions of use, unless its design is such that standard 
formula! and constants may be applied for determining the 
discharge. If recording mechanism is emplo)'cd in connection 
with orifice or weir measuring apparatus, make sure that its 
record is reliable.” 

This statement is, however, not quite fair to water meters 
in general, and most meters can be used quite well for the 
smallest boiler plants. 

It will be noted that the wording as regards “Venturi” 
and “ Notch ” meters is very muyh the same in the two Codes, 
and it is very curious that the “Civils” -Code has quite a 
number of references to specific American conditions, such as 
the “Barrus” calorimeter (p. 57), the “ Breckenridge ” method 
of gas cojjlection (p. 75), and the question of three hours' 
duration of the te^t (p. 53). 

It is interesting to'give the names and types of the various 
boiler feed meters on the British market. Such meters are 
divided into two general classes : (a) open, non-pressure types, 
and (/)) closed, pressure types. 
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^Thc first «lass consist of (i) Automatic JVatcr irc/L;///u<^' 
Machines in which a small tank is continually filled with water 
to ^ certain wei^lit, when it is released, and the water 
falls into the boiler feed tank, the number of such small 
.■«*^eighed tanks being recorded on a train of wheels mechanism. 
Of this type there is the “Avery Automatic Water Weigher,” 
the “ Lcinert Meter ” and the “ Sarco Tippling Meter”. (2) 
“ V Notch Meters,'" in which the water flows through a “ V ” 
notch of given dimensions, and, by means of a float mechanism, 
a continuous record is kept of the height of the water in the 
notch, the amount of water passing being proportional to the 
height in the notch. Of meters on this principle there is the 
“Bailey Meter,” the “Kent V Notch Recorder,” the “ Lx'a 
V Notch Recorder,” the “Paterson Eluxograph” and the 
“ Rheograph Water Plow Recorder”. (3) “ J/V/V Meters"," 
on the same principle as the last, but using a “weir ” instead 
of a “V” notch, represented by the “ Simmance-Abady 
Precision Meter”. 

In the second class, the meter is placed between the 
boiler feed pump and the economiser, or, in fact, at any point 
of the circuit betwee -i the feed pump discharge and the boiler 
feed Y^'vlve. In the case of an injector the meter must be on 
the suction side, and can also, if necessary, be on the pump 
suction. Pressure meters are divided into the following 
classes : — 

(1) Pistol Meters in which the pressure yf the water 

actuates in its travel a double acting piston, so that each 
stroke of this pistpn represents a definite amount of water, the 
number of strokes being recorded by a train of wheels 
mechanism. Meters of this type are the “ Kennedy,” “ Sarco ” 
and “Worthington Duplex”. ^ 

(2) Rotary Meters^ in which the pre^ssure of the water 
actuates a rotary displacer, wheel, dl^c,^r other appliance, 
one revolution corresponding to a definite amount of wfiter, 
and the number of fevolutions being recorded by meaus of 
the usual train of wheels mechanism. This type is represented 



84 


BOILER Pr.ANT TESTINfx 


by the “Kent llniform" Meter, the “Leeds” Meter/the 
“ Sarco l)isc” Meter, the “ vSieinans Oise” Metej^ U^.e 
“ Siemans’ and Adamson” Meter, and the “Worthington 
Turbine” Meter. 

(3) “ W ntiiri J/e/en ” on the principal of the “ VentiirirP 
tube, such as the “Bailey Fluid Meter C4,” and the “British 
Thoinson-J Iouston ” Meter. 

A water meter has two very great advantages cner any 
tank method. In the first {)lace, it is much more convenieiit^ 
and reduces the trouble and worry of boiler testing to an 
astonishing degree. Secondly, it has the very great advantage 
that it enables a boiler plant to be run on the only possible 
lines for the highest of efficiency, namely, that of continuous 
testing all the year round. It is absolutely essential that a 
weekly record be kc[)t of the water evaporated on a boiler 
plant, together with the amount and analysis of coal burnt, 
and other vital figures, and the water meter is practically the 
only possible method of doing this. The “Civils” Code in 
this resjiect is not devised on practical lines, and is obviously 
only intended for an occasional test, as it would be almost 
impossible to carry out even a week’s 4rial on the methods 
recommended. Imr trials at .sea, and lor locomotiva^s, the 
advantages of tlie closed type of meter will be obvious. 

The trouble is, of course, that all water meters are not 
equally accurate, and it would be rather a delicate matter for 
me to attempt to give an opinion as to the accuracy or other- 
wise of any individual meter. 4 would suggest that this be 
one of the investigations to be carried out by the Committees 
engaged in devising the Interijational Code, and that a list of 
“ approved ” meters be issued after such investigations are 
complete ;^any one of these approved meters, under suitable 
conditions, to be allowed for use on an official test, in addition, 
of course, to thc^ taV^'^ hiethod if desired. 

•Whatever meter is used, it must be installed with a bye- 
pasi’ arrangement, and a testing tank, 'Tl^e method of instal- 
lation I recommend, from long practical experience, for per- 
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malient iiistalfetioii for a pressure type of meter is illustrated 
Fig. 13 . 

^ is the water meter and F a small calibrated test tank, 
(say 6000 lbs. ca|)acity). Normally, the feed-water flows 
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lation rctoiiiincndt:(l Cor a boiler Ccetl iiickr 
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through the stop valve Bj, the sampling casting E, the 
meter A, the combined stop and check^valve C and on to 
the boiler plant. is an ordinary slide stop valve, 

E is a simple “sampling casting” of my own design, •con- 
taining a thcrmometlir socket to read the temperature oj" the 
feecf-water actually passing through the meter, whilst at the 
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same time a tap is provided to take a sample‘^-of the waller. 
The valve C is an ordinary stop valve, but loose on the 
spindle so that it acts also as a non-retuin (check) valve. 
The object of this is to obviate any back pressure action on 
the meter and make the travel in the meter absolutely “ foii- 
vvard ” only. On the bye-pass is a safety valve D as a safe- 
guard to the meter, and in this position it acts for both bye- 
pass and normal feeding. In case of necessity the meter can 
be shut out of the circuit by closing valves and C ani 
opening valve B2. In order to test the meter when running 
normally, all that is necessary is to shut valve C and open 
valve B.j to the test tank. 

1 devised and used the above method long before I ever 
read the American “ Mechanicals” Code, but in this Code the 
following almost identical method is recommended (p. 155) • — 

“ Calibrating^ Water Meters, — 227, Referring to Eig. 2, 
two tees A and B are placed in the feed pipe and between 
them two valves C and D. The meter is connected between 
the outlets of the tees A and B, and the valves E and E are 
placed one on each side of the meter. When the meter is 
running, the valves E and E arc opcne^jl, and the valves C 
and D closed. A small bleeder G is kept open to make sure 
that there is no leakage. A gage is attached at H. When 
the meter is tested, the valves C, D and E are closed, and the 
valves E and I are opened. The water flows from the valve 
I to a tank on platform scales. In testing the meter, the 
water is throttled at the valve I to obtain the desired rate of 
discharge, tlnf gauge meanwhile showing the working pressure. 
The pipiiig leading from the valve 1 to the tank is arranged 
with a swinging joint, consisting merely of a loosely fitting 
elbow, so that it can be readily<&turned into the tank or away 
from it. When the desired speed has been secured, the end 
of the pipe is swung into the tank at the instant the pointer 
of the meter is opposite some graduation mark on the dial. 
When the require^l ^innribcr of cubic feet are discharged, the 
pipe is swung away)' The tests should start and stop at the 
sam^ graduation mark on the first dial, and continued until at 
least. 10 or 20 cub. ft. are di.scharged for one .test. The tank is 
weighed before and after filling. 
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'!*■ 228. Tl)^ water passing the meter should always be 
under pressure so that any air in the meter may be discharged 
tTiroiiigh the vents provided for this purpose. Care should be 
taken that there is no unnecessary air drawn into the feed- 
water. The meter should be tested before and after the trial, 
^^nd repeated calibrations should be made to obtain confirmative 
results. 

“ 229. Fig. 2 ^ and the description apply to a piston meter, 
but any other type of meter carrying water under pressure 
may be calibrated in the same manner.” 



The note * says : — 

Reproduced from ‘Trans. Am. Soc. M. E.,' vol. 24, p. 
724, fig. 1 1 8.” . 

By such methods the accuracy of the meter can be checked 
at any time in less than half an hour. The “Civils” Code 
might very well have stated that one of the advantages of the 
tank method is that it is always certain^iu. the sense that any 
error is small, whereas if a meter does Jb wrong, the^ error 
may be very great jind uncertain, as it may be high or low, or 
cotnmence suddenly. By using it testing tank, therefore, as 
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described, in conjunction with a water m’etcr, tl?e possibilViies 
of error are reduced to a minimum, and comparable, 
example, only to the ] 3 ossibility of makin^^ a mistake fK the 
actual number of tanks used on a test according- to the 
“ Civils ” Code. For a very large boiler plant and a per- 
manent installation, I recommend, as an absolute certainty, 
two different makes of meter in scries with testing tank, as 
the expense of an extra meter is trifling in comparison with 
the advantages obtained. 

7. Moisture in the Steam — Anotlier of the great practical 
difficulties in the way of a scientifically accurate boiler plant 
test is that steam, unless superheated, always contains some 
water. The amount is generally i to 2 per cent., but may be 
anything from zero to even 5 per cent. Theoretically, of 
course, such water must be deducted, as it is included as 
steam (with the full absorption of latent heat) in the amount 
of water evaporated, and if not deducted, makes the efficiency 
of the boiler plant too high. 

both the ‘Anvils” and the American “Mechanicals” 
Codes state that this moisture iii the steam must be determined, 
and deducted in calculating the efficiem^v. The “Civils” 
Code, however, goes on to point out the difficulties as 
follows (p. 52):- - 

“Xo. 15. i/ic Moistnre in Strain . — lip to a 

certain limit, defiending on the steam velocity, the moisture 
can be measured by one of the forms of calorimeter in the 
market; the.se instruments arc not generally reliable when the 
moisture exceeds about 2 per cent.', as it then appears to creep 
along the walls of the pipes and docs not alfentc’- the calori- 
meter. It is therefore clesirabld' to provide the steam pipe 
with a steam-drier, and to measure the qu^mtity of water 
which is discharged by an automatic trap ; and also to 
measure the moisture of the .steam after it has passed the 
stcan^-drier. Opinions cFffer as to whether it is best to collect 
the steam by a perforated tube fixed across the diameter of 
the .s\eam-pipe or by a tube arranged to collect from the 
centres only of the steam-pipe, but the fornvjr method is^in 
more general favour,” , 



CRITICISMS OF EXISTING CODES 89 

urther references to the question of moisture in steam 
Ve (p. 78 )-— 

“ Full information should be given as to the method of 
determining the weight of the moisture present in the steam, 
ajid how it was trapped, or collected, and weighed.” ^ 

The note ^ says ; — 

“See paper by Dr. W. C. Unwin, ‘ Troc. Inst. Meeh. 1 C,’ 
P- 31." 

The chief difficulties are that the ordinary steam calori- 
meters, whether of the throttling or se|)arating type, are not 
very accurate at the best of times, and particularly, as stated, 
when the moisture is over 2 j)er cent. ; there is no known satis- 
factory method of obtaining a true average sample of steam ; 
and further, the steam also has generally a violent swirling 
motion as it |.)asses along the pipes, especially in the 
neighbourhood of bends, valves, etc., which does not make 
the sampling any easier. 

The " Civils ” Code is c(')m|)elled, therefore, to recommend 
the laborious t)roceeding of inserting a special steam drier in 
the steam pipe, measuring the amount of water discharged 
from the drier by means of an automatic trap, and then deter- 
mining the moisture left in the steam, by means of a steam 
calorimeter, after it has passed the steam drier. In this con- 
nection it may be pointed out that the modern type of steam- 
drier such as the “ .Stefco ’’ and the “ Tracy ” iire not placed 
in the steam pi|)e circuits, out in the boiler itself. There is, 
consequently, no trouble in fitting them, and they will separate 
the moisture so that the steam contains certainly less than 
I per cent., and may be absolutely dry. 

It is also very difficult to know where to takc*a sample of 
steam issuing from a boiler. If it is»drawn from the veftical 
branch pipe a few inches above the boiler sllWl there is tryuble 
due to “ showers ” o^ condensed steam, and the [jcrcentage of 
moTsturc shown is apt to be too liigh. On the other Iiand, 
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the sample must he taken close to the 'boiler ^o avoid 
curacies due to cooling and condensation. ^ 

The American “ Mecluinicals ” Code states (p. i8) 

“9;//. Steam Calorimeters . — -The most satisfactory in- 
struments for determining the amount of moisture in steam 
arc calorimeters that operate upon the throttling principle, or 
that combine tlie throttling and separating principled; the 
orifice used being of such size as to throttle to atmospheric 
pressure, and the instrument being provided with two ther- 
mometers, one showing the temperature above the orifice anTli 
the other that below it. If no commercial make of calorimeter 
is available on a test, an instrument of the throttling type can 
be made of pipe fittings as shown in Appendi.x No. ii. In- 
struments working on the separating principle alone may also 
be employed ; also certain forms of electric calorimeters. Sec 
‘Trans. Am. Soc. M. K.,’ vol. 28, p. 616.” 

The Appendix 2 is a detailed descri[)tion of a throttling 
calorimeter. As regards the method of sampling the steam 
the Amcric.ui “Mechanicals” Code has the following (p. 
35 ):- 

“ C. Samplifig Sfea?fL-~ 2 ^. Construct a sampling pipe 
or nozzle made of .J-in. iron pipe and iif>ert it in the steam 
main at a point where the entrained moisture is likely to be 
most thoroughly mixed. The inner end of the pipe, which 
should extend nearly across to the opposite side of the main, 
should be closed and the interior portion perforated with not 
less than twenty ^i^i- holes eciually distributed from end to end 
and preferabl5' drilled in irregular or spiral rows, with the 
first hole not less than half an inc^i from the wafi of the pipe. 

“The sampling pipe should not be placed near a point 
where water may pocket or wh^re such water may affect the 
amount of moisture contained in the sample. Where non- 
return valves are used, or where there are horizontal connec- 
tions leading from the boiler to a vertical outlet, water may 
collect at the lower tind of the uptake pipe and be blown up- 
ward in a spray wjici'i will not be carried away by the steam 
owing to a lack of velocity. A sample taken from the lower 
part of this ijipc will show a greater amoant of moisture than 
a true sample. With goo^-ncck connections a small amotjnt 
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of Vater may collect on the bottom of the pi[')e near the upper 
^id where the inclination is such that the tendency to flow 
backvttird is ordinarily counterbalanced by the flow of steam 
forward over its surface ; but when the velocity momentarily 
decreases the water flows back to the knver end of the goose- 
rKck and increases the moisture at that point, making it an un- 
desirable location for sampling. In any case it should be borne 
in mind that with low velocities the tendency is for drops of 
entrained water to settle to the bottom of the pipe, and to be 
temporarily broken up into spray whenever an abrupt bend or 
other disturbance is met. 

“29. If it is necessary to attach the sampling nozzle at a 
point near the end of a long horizontal run, a drip pipe should 
be provided a short distance in front of the nozzle, preferably 
at a pocket formed by some fitting, and the water running 
along the bottom of the main drawn off, weighed, and added 
to the moisture shown by the calorimeter ; or better, a steam 
separator should be installed at the point noted. 

“ 30. In testing a stationary boiler the sami)ling pipe should 
be located as near as practicable to the boiler, and the same is 
true as regards the thermometer-well when the steam is super- 
heated.” 

The use of a steam calorimeter at all is a laborious, hot and 
generally most unj^ieasant job, and I am afraid that if the 
“ Civ'Ils ” Code is to be following in this respect, there will be 
in practice more trouble in determining the moisture in the 
steam than i!i testing all the rest of the plant put together. 
As a conseciuence, in very few boiler trials is the moisture in 
the steam determined, and practically all the boiler tests 
we have carried out have b(;cn average in this respect. 

1 would suggest that in the International Code, the deter- 
mination of the moisture in >he steam be abandoned entirely, 
as the results are dubious and not worth the trouble, and that 
this question be investigated by a future Comn^ttee with a 
view to settling the point definitely. Jt certainly seems a 
feasible proposition to insert .steam efrim^ the boilers them- 
selves, as already mentioned, since these modern drieTs in- 
erq^se the econo»iy*of the boiler plant, and the steanucoukl 
then be take’® as free from moisture. • 
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In plants fitted with superheaters there wili of cour&if^ be 
no inaccuracy, but, unfortunately, superheaters are compare - 
tively little used in this country. Thus out of the 400^1ants 
only 114(28 5 per cent.) were fitted with superheaters, and 
most of these only partially equip|)ed. For plants withoyt 
superheaters the efficiency results would therefore be a little 
too biqh. 

In practice, how'ever, by a little care this error can be re- 
duced to a minimum by keepinj;^ the watot' at a reasonably 
height in the gauge glasses. Most boilers in Great Britain are 
w^orking much below their pro[)cr rated output, so that 
moisture in the steam is not excessive, and for testing any 
plant for guarantee the amount of evaporation can be specified 
so that the conditions wnth and without the a{)[)liancc wall be 
the same in this respect. As usual, of course, the moisture 
determinations, by means of a steam calorimeter, can always 
be added to the International Code by arrangement for any 
particular test. 

8. Specific Heat of Superheated Steam —With regard to 
this point, the “Civils” Code gives the follow'ing (p. 50) : — ■ 

“No. 13. S/'cciJic 11 cat of SnpcrhcafSd Steam. — Experi- 
ments have for .some years past been carried out witln/ the 
object of ascertaining the amount of heat that is represented 
by various degrees of superheat, but definite results have not 
yet been obtained. 

“ As far as our present knowdedge extends the value 0'48 
may be adopttid fur the purjioses of this re})ort. Every lOo'' F. 
superheat then represents about 4* per cent, of tlie total heat 
of the steam, and an error of O’Oi in the valwe of this specific 
heat wTMild not affect the results of the calculations by more 
than O' I per cent.’ ” 

The note \ at the bottom of the page, is as follows : — 

‘ The values g^ven in Marks and Davis’s Tables are 
generally accepte^v chart giving ‘mean specific heat’ of 
supeinicated steam over a wide range of temperatures and 
pressures will be found in ‘ Principles eff T^hermodynamics,’ 
by G. A. Goorlcnough. 2nd ed. London, 1912.” 
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•This harcUy seems to be the ri^ht jiuint of view in 1922. 
, ^-48 is the specific heat figure as oriio'nally (letermincd by 

• Regnault and Him. Mini’s formuke was :■ — 

Specific heat at constant pressure is ^ 0'4304 f 0'0003779 T 

(r = temp, 'k'.) 


% 



Fic. I.}. —Curve showiii}^ tl/j specific heat of superheated vSleam 
• (Knoblauch and Jakob's fi^oires). 

This, however, is only correct for atmospheric pressure. The 
figures for the specific heat of superheated steam at different 
pressures have been determined with great accura*cy by Knob- 
lauch and Jakob, of the Royal Tcduiictfl iJniversity, Minich, 
and are given in any book on stean] tfible.s, in the^ form 
of the curve Fi^. 1^, and 1 would suggest, therefore, that in 
the International Code these figuFes be taken as officfal for 
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the calculations. The figures vary from a»bout 0 ' 4 ^‘ to 
0*685 ; thus, in the examples I have given in the specima^ 
Compl'etc Report according to the suggested intcrnJtional ‘ 
Code (p. 149), the temperature of the superheated steam is 
559" F. and the boiler pressure 162 lbs. absolute, with, a 
corresponding saturation temperature of 364-2'' K. From 
Knoblauch and Jakob’s table, the specific heat of^ super- 
heated steam for these conditions is 0-54, whereas of course 
the “Civils” Code would take it as 0'48c The difference 
may not be great, but we might as well use the accurate 
figures, especially when it is no more trouble. 

9. Steam or Power Used Auxiliary to the Production 
of Steam. — One of the most serious defects in both the 
American “ Mechanicals ” and the “ Civils ” Codes is the scanty 
attention given to the question of steam or power used 
auxiliary to the production of steam, and this fact alone largely 
destroys the real value of any boiler plant test carried out 
according to either of the codes. To illustrate this point, it is 
best to start with the simplest possible boiler plant, namely, 
one boiler, hand-fired, with injector feed and natural chimney 
draught. Apart from the infinitesimal amount of heat taken 
as energy in working the injector (the latent heat of the steam 
used being returned to the boiler) all the steam produced 
from this boiler is useful steam ready for the factory, lhat 
is, if 5000 lbs. of water is evaporated per hour, 5000 lbs. of 
steam is ready at the boiler stop valve for useful work, and 
the real net \Vorking efficiency of the plant is calculated on 
this 5000 lbs, evaporation. 

But if we now add to this simple boiler plant any appliance 
to help in generating the steam, and this appliance takes some 
.steam directly or indirectly to work it, then this latter steam 
must be deducted from the evaporation in calculating the 
real uet working efficiency of the plant. 

b^or example, <1 a%team jet furnace, hand or mechanically 
fired is added to the plant, and the amoiiet of steam taken by 
the steam nozzles is 10 per cent, of the production of 'the 
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boiier, that ii>, 500 lbs. per hour, then the real net production 
•f the boiler plant is only 4500 lbs. useful steam per hour 
(SOOcf - 500) in spite of the fact that the boiler is still evaporat- 
ing 5000 lbs. The net working efficiency must be calculated 
Oil the 4500 lbs., that is, the real amount of .steam available for 
useful work. This may sound elementary and obvious, but 
it is at any rate not clear to the Committees who devised the 
two Codes, and it is conveniently ignored in practically every 
boiler plant test Uiat has ever been publi.shed. Thus at the 
present time we have firms making appliances for .steam genera- 
tion, advertising broadcast figures of te.sts carried out with their 
particular appliances, in which results of 75 to 80 per cent, 
boiler plant efficiency arc shown, and the fact that the appli- 
ance itself may be wasting say 2. I to 20 per cent, of the steam 
production of the whole plant is coolly ignored. 

It surely must be obvious that all steam used in connection 
with the i)roduction of the steam must be deducted, and from 
the point of view of real net working efficiency the boiler 
plant must be regarded as being in a closed box, into which 
a certain amount of heat as coal or other fuel is thrown at one 
end, and a certain Ijcsser amount of heat as useful steam comes 
out ^t the other end, as shown in Tigs. 15 and 16. 

The references given to this vital point in the “ Civils 
Code are so confusing that one can only say that no definite 
instructions are given at all. These references dis.sected horn 
the Code arc as follows (p. 7) : — ^ 

“ It is particularly desirable that arrangements .should 
be made for supplying the steam used by auxiliary ap])aratus, 
such as steam blast, fans,'tpumps, etc., from a separate 
boiler entirely disconnected from that under trial, ^ separate 
feed-measuring apparatus being provided if it is desired to 
ascertain the quantity of steam thus used. If suth auxiliary 
boiler cannot be blanked off during tlie ttial, the pressure*in it 
should, if possible, be maintained ttiq«sav\e as that in the 
boilers under trial, in order to minimise* leakage through the 
stcyD-valve ^ , 
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Fig. 15. — Illustration of a typical cylindrical boiler plant showing in detail the steam or po^^er that mh) be 
used auxiliary to the production of steam. 
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The above iiotc^ refers to page 70, and is asp follows 

“ No. 30. StC(Vit f'St'J bv S leant Jets and luitis.— 
Many mechanical stokers arc provided with steam jets 
under the bars, others require stettm for actuating the 
mechanism of the fans. The necessary steam may, under 
special conditions, exceed 10 per cent, of the quantity pro- 
duced, and should be subtracted from the weight of feed-water 
(unless the efficiency of the heating surface is in question) 
because it is not available for useful work 


There is also the following a - 

Page / .j, paragraph Line 3 “ If mechanical stokers arc 

used, the name of tlie stoker should be stated, and also whether 
it was of the sprinkling or coking type, unless the information 
has already been given in Line i. It is desired, if possible, to 
give paiticulars of the power needed to work the stoker and 
how sup|)lied." 

Page y.g paragraph “ Line 4 “ If any system of forced or 

induced draught is used it should be carefully explained, and 
the positions and any peculiarities of the draught gauges be 
described : data as to the power needed or steam used sliotild 
be supplied, if possible.” 

Page 78 “ Line 30”. “Wherever po.ssible the amount of 
steam employed in producing the draught (whether an actual 
steam jet is u.sed or whether the steam is used in working an 
engine for driving fans) .should be given, and it should be 
determined by an independent test.' The steam which is 
blown through nozzles, can, however, with a reasonable degree 
of accuracy, be calculated by the formula on page 7 1 (Sect. 30)-” 

It is obvious, therefore, that iJlie “Civils” Code in general 
regards the determination of the steam or power used as of 
little or no value, although “it is desirable if possible” to 
undertake it. In fact, .so little importance do they attach to 
this question that they do not even trouble in the calculations 
to ^^'ive an example,* although a number of pages are devoted 
to (^xplaining luTw to calculate a “he it balance sheet” from 
the flue gas analysis, a matter of relatively little moment. 
Thus akso on page 5 it is stated that: — 
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The principal measurements arc those pertain in^^ to the 
^eighiri" of the fuel and the determination of its quality ; to 
the v^ighing of the water evaporated, and to the measure- 
ment of the power produced. The data thus obtained suffice 
to determine the thermal efficiency of a boiler.” 

In the American “Mechanicals” Code the following 
appeai^i (p. 47, §*58/7):— 

'‘^Correction for Steam or Power Psed for Aidino^ 
Combustion. — The (juantity of steam or power, if any 
used for producing draught, injecting fuel, or aiding com- 
bustion, should be determined and recorded in the Table 
of Data and Results. This should aCo be recorded by foot- 
note below the table, a statement showing whether or not a 
deduction has been m ide from the total evaporation for steam 
or power so used, and if such deduction has been made, the 
method of computing it.” 

The American Code, therefore, only considers auxiliary 
steam or power as a matter for a foot-note, and leaves it 
apparently to the fancy of the engineers in charge as to 
whether they bother to deduct it or not. 

The various points of the plant, where such auxiliary 
steam or power is used (already given in Rigs. 15-16), con- 
sidered in detail, are as follows: — 

(i) Meehanieal Cod and Ash / Iandiino\--~’\i\\c amount 
of steam or power taken here is not excessive. An average 
sized plant of three “Lancashire” boilers handling, say, qo’O 
tons of coal per week will take approximately, say, 3 h.p. 
reckoned as continuous working. The determination of the 
h.p. and its equivalent in steam production on tln^ plant, can 
be determined without trouWe. Thus, if a small non-con- 
densing steam engine is used, the figure of 30 lbs. of steam 
per i.h.p. can be taken, and the h.p. of the engine, calculated 
in the ordinary way. Such a result wi^l be accurate to 10 
per cent., which is near enough as thi^ ^^rycular item is only 
a small one. • * 

^(2) Meehanieal Sltoker or Movin^^ 1 1 and fired JUv Drive. 

Here again, tljie power is not particularly ixeessive, averaging 
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I to 2 h.p. per boiler in most cases, say 30 <to 60 Ibs^ of 
steam per boiler per hour, or 0-4 to 0-8 per cent, of the pror 
duction, and can be calculated as in item (l). ^ 

(3) Sleain Jets. — The question of steam jets is undoubtedly 
the worst feature of this question of auxiliary steam, and tlje 
“Civils” Code does not realise the importance of it. It ad- 
mits ill one paragraph that the amount may be 10 per cent, 
of the production, and then in another, contents itself with a 
pious expression that the amount should, be determined jf 
possible. There is not the slightest indication given that it 
is just as essential to determine this figure as it is that of the 
amount of water evaporated and the coal burnt, and that 
without the figure any boiler test is practically useless. 

As further showing the minor importance attached to this 
point by the ‘‘Civils” Code we have the following (p. J \) : — 

“ The steam which is blown through nozzles can, with 
a reasonable amount of accuracy, be calculated with the 
help of the formula : — 

O - lbs. of steam per minute = V x (f 
where V the steam pressure above that of the atmosphere 
(i.e. it is the gauge pressure) plus 7 '5 lbs. 

and a is the sectional area in square inches of all the noezles. 
This formula gives too high results for pressure below 50 lbs. 
per square inch. T should be measi^red near the nozzles. 
If the steam is superheated, the weight of steam, as found 
above, must be multiplied by the square root of the ratio of 
the absolute ‘ temperatures (/ -f 459) of the saturated and 
superheated steam.” 

1 maintain that such an eiiipirical formula is absolutely 
worthless for determining the real amount of steam used by 
nozzles. 

In the first place, it is impossible to determine with any 
reasonable amounti-of aq^ruracy the area of a number of nozzles. 
For#example, a 'givQ’i steam jet furnace may have anything 
from 6 to 64 nozzles per boiler, and the^ie nozzles soon wear 
larger by the friction of tile steam, the holes being then, as a 
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ruU, irregulaf in shape. It is a hopeless job, under these con- 
^litions, on an average sized boiler plant of, say, four boilers, 
with anything from lOO to 200 nozzles, to get the real area 
of all these nozzles. 

• I once tested a boiler plant of thirty-two “Lancashire” 
boileii^ with 14 nozzles per boiler, that is, a total of 448 
nozzles on the plant, and the “Civils” Code seriously suggests 
that the only way in testing this plant would he to try and 
c.ieasure the irregular area of 448 different nozzles worn by 
the steam, each nozzle having to be taken off by means of 
pliers, and then replaced. Also, such nozzles arc sup[)lied as 
a rule from each boiler independently by a small steam pipe, 
which may be ^ to i in. in diameter, and this pipe is provided 
with a stop-valve which is often worked partially open, .so that 
the actual area of the nozzles is in any case not a criterion of 
the amount of steam passing. 

The American “ Mechanicals ” Code recommends the use 
of steam meters, but allows also various empirical methods, 
as given below (p. 13) : — 

gc Steam. Measur'nh^ Apparatus . — Various forms of steam 
meters may be employed for measuring steam, provided 
such meters are properly calibrated under conditions of use, 
and the pulsations of pressure, if any, are not serious. For 
measuring the steam used by the au.xiliaries of a steam 
plant, either individually or collectively, the orifice form of 
steam meter may be used, consisting of an orifice in a plate 
inserted between the two halves of a pair of Ganges in the 
pipe through which the steim passes, or placed in a bye-pass 
through which the steam is diverted, with gage pipe on either 
side for determining the faH of pressure. The quantity of 
steam represented by the various differences of pressure which 
occur, may be found by arranging the apparatus so as to draw 
steam through the orifice, and discharge it intt) a tank of 
water resting on platform scales, by wli#ch its actual weight 
in a given time is determined. * • • , 

“ A plate ^ in. thick containing an»orifice i in. diameter, 
with square edges, vfill discharge the approximc\te quantities 
of dry steam per*liour given in Tatfle 1 ., with various pressure 

drops, the pressure below the orifice being 100 lbs. by gage. 

• • 
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TABLK I. — Dischakgk Throligh Okitick t In. Dia. at io(5'Lhs. Pkesjvjrh. 


rross>vire 
IVoi), Lhs. 
I’cr S(i, In. 

i • 


3 

4 

5 

H) 

15 

20 


!.bs. of 
Di j Steam 
Ter Hour. * 
■ 430 

. 615 

• 9.30 

. 1200 

, 1400 

. 1560 I 

. 2 1 So 

, 2040 

• 3050 


“The water-glass method affords an approximate means 
for determining the steam consumption of auxiliaric.s, and for 
measuring the leakages of steam and water from the boiler 
and its connections, (See Appendix No. 3 for description of 
water-glass method.)” 


The empirical “water-glass” (/>., gauge glass) method 
is described as follows (p. 154) ; — 

‘ (/») IF( 7 /t'r-(/'ALs's Jests of lA'.aka^c. — 224. To deter- 
mine the leakage of steam and water from a boiler and 
steam pipes, etc., the water-glass method may be satisfac- 
torily employed. This consists of shutting off all the feed 
valves (which must be known to be tight) and the main feed 
valve, thereby stopping absolutely the entrance or exit of 
water at the feed pipes to the boiler ; then maintaining the 
steam pressure (by means of a very slow fire) at a fixed point, 
which is approximately that of the working pressure, and ob- 
serving the rate at which the water kilVs in the gage glasses. 
It is well, in this test, as in other work of this character, to 
make observations every ten minutes, and to continue them 
for such length of time that the differences between successive 
readings attain a constant rate. In many cases the conditions 
will have become constant at the ex[)iration o( fifteen minutes 
from the time of shutting the va’ives, and thereafter the fall of 
water due to leakage of steam and water become approxi- 
mately constant. It is usually sufficient, after this time, to 
continue the test for two hours, thereby obtaining a number 
of half-hourly periods! \Vhcn this test is finished, the quantity 
of Icikagc is ascefcalned by calculating the volume of water 
w'hicfi has disappeared, using the area of the water level and 
the depth shown on the g\ass, making due allowance for the 
weight of one cubic .^oot of water at the observed pressure.” 
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J'hc vital ♦mportaiicc of a ])rojH:r mvthod of (Iclcnniniiio 
rtie steam used by the nozzles is best sliown b\' pivini^^ some 
• indicafion of the amount of steam that is beinp used by them 
in practice. 

* I have already given (p. 45) some data on this point, 
and in my experience, the average consum[)tion is about 
6 ‘5 per cent, of the evaporation of the plant. Of the 
400 plants tested, 153, that is 38 per cent, were fitted with 
steam nozzles, and the figures for each of these 153 tests are 
given in the columns of figures on pages 104-7. 

With regard to the method to be used for determining the 
amount of steam used b)’ steam jets, in the Internatinnal Cotic 
I suggest the alternatives of a steam meter, or a surface 
condenser. 

The only matter for criticism on this point in the 
American “ Mechanicals” Code is that it does not make the 
use of steam meters compulsory, and allows alternative em- 
pirical methods, but the “ Civils” Code does not allow steam 
meters at all. Steam meters will be rlealt with more par- 
ticularly on i)age 131, but they are cs[)ccially convenient for 
determining with great accuracy (say to i per cent, since the 
demand is steady) the amount of steam used by nozzles, when 
these nozzles are all fed from one main su{)ply {>ipe. 

1 would recommenvl strongly, as the ideal arrangement for 
a modern boiler plant, that the steam pipes be so designed 
that the whole of the auxiliary steam of the plant be [)assed 
through one auxiliary steam main pipe, as a branch from the 
main steam pipe over the boilers. Oig this auxiliary pipe 
should be installed a steam ^neter, which would thus give a 
continuous record of all the auxiliary steam. .Also, because 
the amount used by steam nozzles is much the greatest and 
requires special watching, I would recommend fu?ther that all 
these nozzles be supplied by one j^pe ^'ranching fron? this 
auxiliary .steam main pipe, and on th^pqoe a second ^team 
meter be installed. • 
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p 

3 

J3 

- 

5 

Method of Firing. 

Number of Boilers. 

Evaporation Per Boiler Per 
Hour, Lbs. 

Net Working Efneienev of 
Plant After Deducting Steam 
or Power Llsed .Auxiliary to 
Production of Steam. 

Per Cent. Steam Used ^ j 
by the Jets. 1 

345 

K.n plosives .... 

Mechanical 

6 

6861 

4878 

21*41 

uf)/ 


2 

5915 

53'8 i 

17*60 

393 

JiUe mill .... 

,, 

2 

2848 

40*8 I 

17*20 

35^^ 

Colliery .... 

Hand 

2 

3173 

4779 

15-25 

394 

Mechanical 

7 

4343 

4077 

15-10 

353 

F.iper mill .... 

,, 

3 

5144 

47 ’9 1 

1-3 *80 

24S 

„ ... 

,, 

3 

4311 

55'H 

13-50 

3^>5 

Hosiery manufacturers 
l-.xplos.ves .... 

,, 

2 

2838 

46 ’88 

12*25 

154 

,, 

15 

^’533 

57*39 

11*35 

3-5 

lingineering 

Hand 

2 

4761. 

50 *.73 

10*90 

334 

Pajier mill .... 

,, 

5 

4995 

49*77 

io’8o 

167 

Mechanical 

2 

^583 

59 *4 

10*40 

371 

Colliery .... 

Hand 

7 

9728 

46*47 

10*30 

295 



6 

6to8 

5 2*00 

10*30 

375 

I’ott<ay .... 


2 

1O98 

15*97 

10-20 

2 ^ I 

Woollen mill 

Mechanical 

2 

7002 

55*97 

10*00 

37^’ 

Paper mill .... 

,, 

3 

5408 

45'94 

9*60 

313 

Cotton yarn dyeing 

,, 

1 

5393 

.50-93 

9 *60 

3«9 

Paper mill .... 

Hand 

I 

2970 

: 42-33 

9-58 

94 

Cotton mill .... 

Mechanical 

r 

3929 

6o'_ ; 

9*40 

70 

! lixplosivcs . 

n 

5 

5933 

f>5'58 

9*25 

250 

1 Woollen mill 


4 

6310 

54*50 

9*00 

346 

1 P.ngineering 

Hand 

I 

5304 

i 48-64 

♦9*00 

3fx) 

Paper mill . 

Mechanical 

2 

5hot 

47*46 

8*go 

2S6 

Colliery .... 

Hand 

6 


; 52*60 

8*88 

338 

Mechanical 

* 8 

622f; 

49*35 

8*64 

66 

.... 

Hantl 

1 3 

4294 

66*30 

8-60 

88 

1 Woollen piece dyeing . 


i 2 

6126 

, 64-87 

8-50 

130 

1 Calico printing . 

,, 

i 4 

4291 

62*14 

8-50 

33 

j Explosives .... 

i Mechanical 

8 


1 69*13 

8-36 

38J 

Hand 

1 5 

4123 

, 44*80 

8-07 

3f^7 

i Colliery .... 

■ f 

i 3 

4249 

4673 

8-06 

156 

1 Explosives . . 

\ Mechanical 

j 3 

7382 

59*92 

8*(jo 

2C8 

Colliery .... 

1 Hand 

i 3 

3813 

i 53 *80 

8*00 

3 06 

1 Chemical manufacturers 

Mechanical 

1 4 

2990 

46*85 

8*00 

359 

Colliery . . . •. 

Hand 

1 9 

4297 

47*50 

7*90 

230 

Glue manufacturers 

,, 

i 2 

3ofi 

! 56*01 

7*88 

275 

Colliery . . . . 

,, 


4483 

! 53*25 

7*76 

308 

Paper mill . 

,, 

2 

4699 

; 51*36 

7*73 

344 

M ») • • S • 

Mechanical 

2 

6431 

: 48*81 

7*60 

3‘^5 * 

Glue manufactumrs .1 

Hand 

1 2 

4879 

1 44*12 

7 *6 o 

24 j 

Colliery . . ^1,. 

Mechanical 

7 

4450 

i 55*15 

7*50 

10 • 

ii Explosive.; . . ‘ . 

» * 

,, 

1 

4347 

j 76*11 

7*47 

328 

” 

t 

4955 

' « 

50-11 

i 

7*30 
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3 
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• 
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-a 
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c 

iZ 

0 

•a 

0 

x: 

M 

0 

.n 

E 

3 
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J 

c 

a 
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i? < ^ 0 
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•a 

E i 
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C:ilico . 

Mechanical 

4 

GyGg 

Go' 14 

7-30 

Gg 

VVocllen piect; (Ivt-inp; . 

,, 

3 

7737 

G5-91) 

7-20 

5T 

lui[^inccrin^ 

,, 

3 

59lh 

57-07 

7-02 

312 

,, ... 

Hand 

2 

4530 

5«’95 

7 -(JO 

340 

I'lour mill .... 

,, 

1 

45‘35 

48-98 

6 90 

283 

Kosidential mansions . 

,, 

2 

3474 

,s2’Go 

6-84 

gS 

Colliery .... 

,, 

8 

5000 

63 '98 

6-65 


Hxplo.sives .... 

Mechanical 

13 

7401 

54 -gS 

6-(o 

2-^5 

Glue manufacturers 

Hand 

3 

••^754 

5h-i9 

6-50 

129 

Woollen mill 

Mechanical 

4 

f’915 

52-21 

6-50 

48 

„ ... 

,, 

2 

07r4 

6;«23 

6-50 

390 

Colliery .... 

Hand 

5 

5852 

12-33 

6-40 

317 

n . . • . 


5 

4331 

48-44 

6-40 

335 

b'lour mill .... 

Mechanical 

2 

3354 

49-45 

6-31 

31S 

Cotton piece dyein^^ . 

Hand 

2 

4 >57 

50-56 

G-30 

52 

Chemicil manufactureis 

Mechanical 

3 

3942 

'05-40 

6-25 

307 

Cn<;ineorinj^ . . . i 

>> 

4 

4211 ; 

5T-39 

6-02 

'•i35 

W'oollen mill . . . j 

M 

4 

7357 ; 

55‘74 

6-00 

i Gt) 

MM . . . i 

Hand 

2 

3159 ! 

59-73 

6’0() 

2G9 

Ilosicry manufacturers . ^ 

Mechanical 

3 

Go4() j 

53-74 

5 '95 

357 

Colliery . ,. 

1 Hand 

^ 3 i 

4 1569 , 

47-57 

5 '90 

96 i 

i'anneiy 


I 

8805 i 


5 ‘80 

log ' 

Colliery 


i ' 

6341 ! 

63-17 ' 

; 5-75 

190 

l^xplosivts . 

1 Mechanical 

I ' 
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57-78 

i 5-60 

336 

Glue works . . . . 1 

1 „ 

: 4 

2Q,p) i 

49-42 

i 5-58 

33^^ 

Food products 

Hand 

i a : 

373 > ; 

50-04 

i 5-50 

•i43 

Fmgineerin^ 

i ,, 

; I 

4836 ! 

55-T9 

5*50 

3« 

Cotton piece dyeing . 

i Mechanical 

; 3 ’ 

64 2 1 ; 

68-47 

5-40 

271 

Paper mill . 

j Hand 

! ^ 

4274 , 

. 53-4 7 

i 3-30 

144 

Dyeing and cleaning . 

! Mechanical 

i " 

' 6216^ 

‘ 6o-85 

' 5-30 

t8[ 

Paper mill . 

1 ,, 

1 “ 

! 33^>'^ 

’ 58-33 

' 5-30 

63 

1 Colliery .... 

1 Hand 

1 3 

8035 

1 66-39 

i 5->7 

I5« 

1 Fxplosives .... 

! 


, hi3G 

i 59-82 

' 5 ’00 

223 

Dyeing and cleaning . 

^lechanical 

I 4 

' GGor 

56-30 

i 4-97 

'<i54 

Cotton piece dyeing . 

1 3 

^ f'255 

54-96 

' 4-93 

12 

,, yarn ,, 

M 

1 4 

: 735« 

74 ’05 

1 4-90 
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Colliery .... 
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! - 

! 3895 

45 Go 

1 4-80 
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,, .... 


I 3 

! 49^3 

«4-73 

: 4-80 
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I’aper mill .... 

1 ” 

»» 

1 '2 

: 4798 

56-65 

I 4-80 

91 

Explosives .... 

! Mechanical 

i9 

: 6927 

64-74 

! #-52 

273 

Paper mill .... 

Hand • 


*7951 

53-29 

1 4'47 

395 

Hosiery dyeing . 

Mechanical 

• 2 

•2212 

40-06 

i J'47 
! 4*40 

291 

Cotton yarn dyeing 

,, 


i 5754 

52*17 

1 18 

• 

'I'annery . .• . 

Hand 

» 


j 4>^^7 

62 '86 

i 
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Faint manufacturers . 
Woollen mill 

Special textile 

Aniline dye manufaclui\ rs 

Paper mill . 

Woollen mill 
Cotton mill . 

Colliery 
Explosives . 

Woollen mill 
Cotton mill . 
j Paper mill . 
i Colliery 

Dyeinf^ and cleaning . 
Heavy inort^anic chemic ils 
Dyeinj^ and cleanin*; . 

I Woollen mill 
! Hosiery ,, 

I Cotton piece dyeing" . 
i Paper mill . 
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Colliery 
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Cotton yarn dyeing 
Dyeing' tfnd cleaning" . 

Hat manufacturers 
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Colliery 
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P'ood produc s 
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Cotton piece dyeing 
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2 
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4 
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„ 

7 
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3 
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3 
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3 
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1 
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3 
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58-91 
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5 
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; 
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i 
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3 
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2 
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8 t 9 ^ 
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4 
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4 
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Evaporation Per Boiler Per 
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Food products 
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: 
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H) 
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i 9'52 
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l'(K) 
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1 

22 1 t 

57-S2 

I -UU 

288 

W'oollen mill 

.Mechanical 

2 ^ 

7051 

32-53 

0 -S 5 

t'fj 

i 

Cotton pi( ce dyc^Ui . 


1 

5^‘37 ' 

65-06 

0-50 


For ordinary testing purposes the objection to tlie steam 
meter is that the steain-»nozzles are almost always siip{.)lied by 
a separate small pipe from each boiler, a most wasteful and 
unscientific method, which makes it difticult to (determine the 
amount of steam used. Cons'^quently, even if only two or three 
boilers are tested, the steam meter has t© be coupled u[) to 
each boiler in turn, a very trcmblesomc proceeding, although 
when once connected, this method is decidedly the best. In 
testing the 400 boiler plants, I have used the surface condenser 
method, and have devised for the purpose the apparatus 
illustrated in hd'g. 17, and in the photdgr^pi^ of Fig. 18. 

This apparatus has been in use for mflny years, and fc^ind 
to be most satisfactory. ^ • 

In Fig. 17, A is a sheet-iron cylinckir, water-jacketted, 
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with bolted lid B. The steam jet appliance; nozzles, (lipes, 
etc., is detached from the furnaces of say one boiler, a^id 



placed bodily insiVle^tne cylinder A, being attached by a short 
pipe to coupling a, b, c, d, as most conf/enient, in the lid B. 
The steam jets arc then 'connected to the boiler, the whole 
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apparatus being stood in the firehole close up against the 
b^jlerj so that the steam is blowing through the nozzles in the 
cyl indent A exactly as it does when attached to the boiler 
furnace. The steam then blows down through the pipe C 
and fliroLigh the coil D, open to the air at K. A con- 
tinuous flow of cold* water enters the jacket by the pipe F 
and leaves by thck pipe G, and then flows into the large 
cooling vessel H. As a consequence the steam from the 
nozzles is condensed, and runs out at F, where it is weighed. 

* In working the apparatus, the valve on the steam supply 
to the nozzles is opened the same as usual, ai\d as soon as a 
steady stream of condensed water is issuing from E, the test 
is carried out at half-hourly intervals by putting under the 
flow at E a weighed bucket at the half-hour by the clock, 
and collecting all the condensed water for weighing until the 
next half-hour. In this way numerous tests can be carried 
out, under any different conditions as regards the amount of 
turn of the steam supply valve, boiler pressure, etc. 

One method (which is not to be recommended) that has 
been used to determine the amount of steam used by the 
nozzles is to place the nozzles in a weighed amount of cold 
water, and to pass the steam for a given time, so that the 
water does not get hot enough to lose weight by giving off 
steam. The increase in weight then represents the amount 
of steam passed by the nozzles, but there is some dilference of 
opinion as to whether the same amount of steam issues from 
the nozzles in the air under the furnace as it does when 
immersed in cold water. ; 

The “Civils” Code also mentions the*method of having 
one separate boiler devoted to supplying only the steam 
nozzles, and mdhsuring the amount of water evaporated in 
this boiler to determine the steam produced. l« 4 iis, in my 
opinion, is not only quite unnecessary, bu# means also in rpost 
cases altering all the pipe ci||:uits for ifie^steam nozzles, as 
already described, we are going to go to all this trouble, 
the* steam meter *15 obviously the Jaest method. Further, it 
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must be remcmbcrerl that the efficiency of the#auxiliary jDoiler 
plant may be different. 

(4) MecJiauical Draught . — ^This is also an importefiit item, 
as mechanical draught may take anything from say I to 
3 per cent, of the production. The typical installatiog of 
induced draught driven by direct coupled high-speed non- 
condensing engine absorbs about 6 h.p. 'per “Lancashire” 
boiler, 30 x 8 ft, and the consumption of the engine is 
about 35 lbs. of steam per i.h.p., coj'responding to,, an 
evaporation of 215 lbs. per hour, or say, in averages, 275 per 
cent, of the production. In mo.st cases it is sufficiently 
accurate to calculate the i.h.p. of the engine under average 
conditions in the ordinary way, but in special cases the actual 
steam consumption can be determined by condensing the 
exhaust steam or by a steam meter. If the exhaust steam is 
used to heat the feed-water, this heat added to the plant must 
of course be deducted in calculating the steam taken by the 
engine. When the fan is electric driven, the power can of 
course be obtained easily, but it must be calculated back to 
steam production of the plant, as if the current was generated 
on the spot. If the current is purchased from outside sources 
the cost must be calculated in the terms of coal. 

It is very difficult to get the figure for the h.p. when the 
fan is driven from a line shaft, a bad practice in any ca.se, and 
often the only way is by taking all the details of the fan, 
revolutions per minute, size, etc., and obtaining the h.p. from 
a similar fan driven by steam engine or motor 

(5) Various O^her Uses of Auxiliary Steam . — There are 
various other points at which auxiliary steam or power may 
be used, such as the boiler feed pumps, economiser scraper 
engine, water-softening plant, electrolytic processes for the 
prevention*^ of corrosion, and so on, and in each case the actual 
steam taken can <bc cj^lculated without trouble on the same 
gcr^ral lines, and J,<S’ded to the total amount of auxiliary 
steam. As will be seen, all these items added up together 
make a very formifjable figure, and place an entirely different 
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complexion op, the figures for the real net working efficiency 
ota Soiler plant 

TO. JLbs. of Water from and at 212“ F. per 1,000,000 

B.Th.U. — Both Codes give the figure for the lbs. of water per 
lb. of*coal, and also the lbs. of water “from and at 212' B.” 
per lb. of coal. Thi.'^is, however, not sufficient, and I suggest 
to be induded in the International Code a new and additional 
figure, namely, lbs, of water from and at 212" F. per 1,000,000 
B.TJiAL It is of course little use to give merely the figure of 
lbs. of water evaporated per lb. of coal, since the temperature 
of the feed-water going into the plant may be at a temperature 
of anything from 32° to 212" IC, and each Ti h'., means a 
difference of approximately i jier cent, in the coal bill. Both 
Codes get over this difficulty by calculating the evaporation 
“from and at 212 F.,” that is, taking the evaporation of 
water per lb. of coal if the feed-water was always 212 F. 
This, however, still leaves untouched the other and equally 
important error, iTamely, the heatiue; value of the fuel, which 
may vary from 7500 to 14,500 B.Th.U. per lb. I'he mere 
figure, as given in the codes, of the evaporation “ from and at 
212'' F." means, therefore, very little. 

For many years 1 have calculated accordingly the figure 
“lbs. *o( water from and at 212' F. per 1,000,000 B.Th.U.,” 
which obviates both these difficulties, and I suggest that this 
new figure be included in the International Code. 

1 1 . Various Minor Points.- 

(a) Both Codes insist upon reading the barometer during 
a boiler trial, so as to get the absolute steam pressure. Thus 
in the “ Civils” Code (p. 78, line 34) is stafed : — 

“ This (the absolute pressure) is obtained by adding the 
atmospheric prej^sure to the gauge pressure.” 

It seems to me to be a waste of time to read the barn- 
meter, and for all the difference it m )kes >n the calculations, 
the absolute pressure may just as welUBe taken as 1 5 jbs. 
plu| the gauge pressure. It certainly seems curious foig the 
“ Civils ” Code to insist on including barometer readings, and 
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The Cominittee who drew up the “ Civils ” Code seem io 
have been much worried as to possible inaccuracies due to 
different^mounts of coal bein^ in the fires, at the commence- 
ment and at t*he end of the test. It is quite possible, of course, 
if a l^oTler fire is filled up with coal at the beginning of the trial, 
and allowed to burn empty at the end, that a considerable error 
— severafewts. of c^ial per “ Lancashire ” boiler — will creep in, 
and the plant will appear to be doinj^^ better than is actually 
the case. The solution of this difficulty is, however, merel\' 
the elementary one of looking at the fires when commencing, 
and having them the same at the end, and anyone with any 
common sense at fill will not be in error more than say 1 cwt., 
equal to about 0’5 per cent, on the weight of the coal. It is 
quite easy to have an error as large as this in merely weighing 
the coal. Such simple methods, however, will not do for the 
“Civils ” Code, even if the fact that 10 to 20 per cent, of the 
steam produced by the plant being blown awa)' l)y steam 
nozzles is regarded as of no importance. 

On page 9 of the Code we have - 


“ In most cases the j^rincipal observer will be able to 
measure the thickness of fuel to within l in. As the error 
may be in opposite .senses at the beginning and ending of a 
trial, it may amount to the weight of a layer of fuel 2 ins. 
thick. If C is the weight of green coal, which will form i cub. 
ft. of incandescent fuel', the total error should not exceed 


2 CA 

C X A X • . lbs. Therefore if W is the number of 

12 b • 

lbs. of fuel per hour, A the square feet of grate covered by 
fuel, when its thickness is measured, and ;/,the percentage of 

looCA 

error admissible, the trial must* last L may 

be’ taken as 20 Ibis, for large coal and 30 lbs. for small slack. 
In making use of this formula, however, it is necessary to have 
some regard to the quality as well as tlje size of the fuel. 
When it contains much dirt or makes a-pajtv clinker, the bar.s, 
if not self-cleaning, have to be cleaned < 1 % stiort intervals by 


the firemen, and at e^Kh cleaning there is loss of heat and 
comSustible mattei*. The duration cf the trial and the tiihes 
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of cleaning should therefore be so arranged as to give this loss 
the same average value that it would have if the trial were pl- 
definitcly prolonged, h'or instance, if the fuel were spch a.s to 
make cleaning necessary every 4 hours, it would be unfair to 
make a 5-hours’ trial ; 8 hours would be the proper time ; or, 
if it were not possible to have the trial longer than 5 hours, a 
more accurate result would be obtained by working for 4 hours 
only and cleaning the fire-grates only once*.” 

Accordingly, we are recommended to use a “ tool,” a huge 
steel poker, i to i in. diameter, and presumably 8 or 9 ft.,, 
long, as illustrated in Fig. 19. When the trial starts we have 
apparently (p. 13) to open the fire-doors, and in the blinding 
heat, rummage about in each fire taking the thickness at 
various places, and recording the same. This procedure is 
to be repeated at the end of the trial, and presumably a 
calculation made for different thicknesses of the fires before 
and after. It is not stated whether another calculation will 
also have to be made to compensate for the loss of efficiency 
caused by having the fire-doors o[)en and allowing cold air 
to enter whilst the measurement is in progress. Taking, for 
example, the case already mentioned, of a plant of thirty-two 
“Lancashire” boilers, do we understand that before com- 
mencing a test, which can be of 3 hours**' duration (“^Civils” 
Code, p. 9), it is necessary to insert this “ tool ” in sixty-four 
different furnaces ? I .should estimaW^ that each determination 
would take at least 4 minutes, and that after about four fur- 
naces one man would be exhausted, so that with relays of 
men, the measurement of the thickness of the sixty-four fires 
would take, say, 4 to 5 hours, or longer than the duration of 
the test allowed. Or perhaps; we have in such cases to have 
a whole battery of “ tools”. It would be very interesting Ao 
know if any member of the “Civils” Committee has ever 
tried to measure the thickness of a fire with the “ tool,” 
which he joins in rcco^mmending for this purpose. 

^ (r) On page 7 the “Civils” Code there is stated : — 

t “ If it is desired to ascertain whether cpld water is lodging 
in the bottom of i.ancashire or other boilers of similar type, 
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horizontal tubiJ should be screwed into the front part of the 
bpilef, or preferably the front manhole door. The stopped 
‘ end of ^the tube should be carried sufficiently far back to 
avoid the possible lodgment of cool water at the front end 
whicl^ ma*y arise from the bottom flue not extending right up 
to the front*of the boiler.” 

What this means is not clear. 

• • 

12. The Method of Calculating the Results. -The 
methods given in both the Codes for calculating the results of 
^ a boiler test are, in general, so completely involved and com- 
plicated, that it is impossible to criticise them in detail in any 
reasonable length. It seems to me that the fundamental error 
in these methods is the attempt at all costs to evolve a “ heat 
balance sheet,” which, in my opinion, is not necessary, and in 
any case is inaccurate. 

In dealing with this difficult subject, 1 propose, for the 
sake of simplicity, to describe first the method of calculation 
which 1 suggest be embodied in the International Code. I 
hope to show that this method is quite simple and practical, 
that there is no particular mathematical knowledge re(|uired at 
all, and that the complete figures of an official tiial can be 
worked out in twenty minutes on first principles without any 
empirical formuke. In this connection the “Civil's” Code 
especially falls into the error of giving ready-made formuke 
and symbols, which means that most engineers use these in a 
rule-of-thumb way without understanding the principles in- 
volved, and errors are bound to result. • 

Taking again the specimen test results on page 146, the es- 
sentialfigures, apart from simple averaging, ^livision, etc., which 
require no consideration, are that 105,328 lbs. of water at 1 2C F. 
afe evaporated on the plant, the average temperature after the 
economiser being 296" F. and the temperature of ^he super- 
heated steam averaging 475° F. with I47,lb.s. gauge pressure 
(162 lbs. absolute). At the same tiille^i ^,960 lbs. of coal 
with a net calculated heating value of 1 1,71 5 B.Th.U. ^)er 
lb. tre burnt, anc] the total amount of auxiliary .steam»(or 
power expressed as steam) is 13,639-9 Ib^. (12*95 cent.). 
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Tlie essential fi^^ure required, to whicli all oHicr figures are 
merely subsidiary, is the net working efficiency of the com- 
plete steam generation [)lant, that is to say, for tverf lOO^lLs 
of fuel delivered to the plant, how .many lbs. of fuel are 
actually used for the production of useful steam, and Jiovv 
many lbs. are wasted. Thus, when we say that the average 
net working efficiency of the boiler plants 'of Great Britain is 
Go per cent, we mean that out of every 1 00 lbs. of coal burnt, 
6o lbs. are used to produce useful steam and 40 Ibsk are 
wasted in radiation, imperfect combu.stion, leaky brickwork, 
loss of heat in the ashes, auxiliary .steam used on the boiler 
plant itself and so on. We have, therefore, in the calculations, 
to determine the actual number or British Thermal Units of 
heat given to the plant in the fuel, and the actual number of 
British Thermal Units of heat coming out of the plant as 
useful steam. 

By the steam tables we find that the total heat required to 
convert i lb. of water at 32" F. into steam at 162 lbs. absolute is 
1 194 5 B.Th.U. The feed-water entering the plant is, however, 
12U J'"., that is to say, less heat is required than 1194*5 
convert 1 lb. of water at 12U ¥. to steam at 162 lbs. absolute. 

The “Civils’* Code assumes that the specific heat of water 
is the same at all temperatures, that is to say, the British 
Thermal Unit of Heat is the amount^f heat required to heat 
I lb. ofwater i" F. irrespective of the initial temperature of the 
water. Or, in other words, that it takes the same amount of 
heat to raise the temperature of i lb. of water from, say, 32*^ 
to 33” F. as it dyes to raise it from, say, 200'' to 20U F., 
and therefore the amount of lieat required to convert i lb. of 
water at any initial temperature (/) above 32"" F. into steam at 
a given pre.ssure can be got by subtracting 32 from (/), calling 
the figure B.Th.U., and then subtracting it from the total heat 
figVirc from 32^" F* ^n the example, therefore, according to 
th^" “ Civils ” CoBe^nhe total heat from I2i” F. is 121 - 32 
== 89, subtracted from Ii94'5 = iio5;5. This, of course, is 
erroneous, and th^ specific heat of water is^ different for every 
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° F. ^The heat*required to raise i lb. of water from 32 ’ to 33'' F. 
i»a maximum, and the specific heat very slightly falls with 
the temj)eraturc to about 130" F. and then rises again as 
shown or.» tlfe curve, Fig. 20. Thus, for the given example 
of Ii2i'’ F". the amount of heat to be subtracted is not 121 
- 32 = 89 R.Th.U., but actually 88 B.Th.U. 

Thisls not of bourse a very serious matter, but as it is no 
more trouble to be accurate, I suggest that in the International 



Code the formula/; ^ rot/*-- 35 is used , in calculating the 
heat (/;) at a given tcm])erature^(/) to be subtracted from the 
total heat at 32" J^'. This formula is quite simple, and gives 
a very near approximation indeed to the mathematical curve. 
Thus at 1 21° F. * 

Ji - (roi; X 121'’ F) r 
== 123*057 - 35 % * 

- 81S B.Th.U 

* • • 

which subtracted from 1 194’5 S‘ves the figure of 1106-5. 
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In the same way for the economiser calcuKition, the^ total 
heat, from 296' E. is (296 x roi; - 35) 266-0 B.Th.U'., r 

so that the total heat from 296'’ F. is 1 194 5 266*= 92(5-5 

B.Th.U. Also, the steam is superheated to 4/5' F., that is 
475° " 3^4 4° (saturation temperature from the steam tables) 

== 1 1 0 6’ F., and from Knoblauch and Jakob’s Superheat Tables 
the specific heat of steam at 475'’ F. and i'62 lbs. absolute is 
0-54. 1 10-6 X 0 54 - 597, so that the amount of heat 

required to raise I lb. of water at 121° F. to steam at 162 lbs. ,, 
absolute, and superheat it to 475'’ F. is 11065 597 = 

ii66'2 B.Th.U. This i^ives us all the figures necessary for 
the amount of heat absorbed by i lb. of water under the 
different conditions of the boiler, economiser and superheater. 

In the test 105,328 lbs. of water required 15,960 lbs. of 

coal, so that i lb. of water ^ 0-15152 lbs, of coal. 

105328 ^ 


Also, since the net heating value of i lb. of coal is Ii, 7 l 5 

B.Th.U., 0-15152 lbs. of coal will contain 11715 x 0*15152 

= I775'0 B.Th.U., which represents, therefore, the actual heat 

put into the plant. The net percentage of heat taken by the 

different e.ssential portions of. the plant is now as follows : — 

(i) />V//c/' U;//r. — Since the amount piil in the fireh,olc was 

1775-0 B.Th.U., and that absorbed by the boiler is 928*5 

B.Th.U. (/.^., heating the water fromr296'’ F. to saturation at 

162 lbs.), the percentage of heat in the original coal absorbed 

, 928 5 X 100 

by the boiler is - == 52*31 per cent. 

1775 ^ ^ 


(2) Ecvnoniisri's' fF/Zr.- -Again, since the heat put in 
the firchole is 1775 0 B.Th.U., and that abstracted by the 
boiler and economisers is 1106-5 B.Th.U. (/.<?., heating the 
water from i2i"F. to saturation at 162 lbs.), the percentage 
of heat absorbed by the boiler and economiser is 


= 62*33 pc*" 


I j 0^*5 X 100 

Since the boiler was 52*31 per cent, tfie economiser only will 
be 62-33 - 52-31'= 10-02 per cent. 
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(?) Superheater Only. — Again, as before, taking the 
ariglnal figure of 1775-0 B.Th.U., the amount of heat ab- 
sorbed tiy the boiler, economiser and superheater is 1166-2 
B.Th.U. ii.e., heating the water from 121” F. to saturation 
at 16*2 lbs. and superheating to 475" F.), the percentage of 
heat absorbed by tire boiler, economiser and superheater is 

L‘.?— ^ = 65 70 per cent., and as the figure for the 

‘775 

boiler and economjser together is 62-33 per cent, the figure 
for the superheater only is 65-70 - 62-33 = . 3'37 per cent. 

(4) Net Working lifficiency. — We have seen, therefore, 
that for too lbs. of coal put in the fireholc 52-31 are absorbed 
by the boiler, 10 02 by the economiser, and 3-37 by the super- 
heater, a total of 65-70, the other 34-30 parts being wasted by 
radiation, inefficient combustion, leaky brickwork, etc. This 
figure of 65-70 per cent, is not, however, the net woiking 
efficiency of the plant, because although 65-70 per cent, of the 
heat of the coal is absorbed by the boiler, economiser and 
superheater, this heat is not given out of the plant to the 
factory as steam. 12-95 po" ‘T ’A’ 

plant itself, as already seen, for steam jets, induced diaught, 
boiler feed pump, etc. The real net working of the plant is 

therefore 6570 ^x^ 12-95 ^ ^ 57.20 per cent. 

(5) From and at 212" F. Cala,!ation.-\n order to cal- 
culate the lbs. of water evaporated per lb. ^^^coal, assuming 
the water was 212" F, (instead of actually 12 1 F.), all that is 
necessary to do is to multiply the lbs. of water at 121 h. per 

lb. of coal, that is, =-*6 60 x 1106-5 (the total heat 

from 121“ F. to saturated steam at 162 lbs.), and divide by the 
latent heat of steam (970-8). That is 
6‘6o X 1 106-5 ,, 

“■”970-8 ” 7'5 

This figure can be checked by the 
figTire from any ungineering pockebbook.^ 


lbs. of wate# froin and at 2 1 2" 1\ 

factors of evaporation ” 
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To get the “ evaporation from and at 2 1 2'' per 1,000,000 
B.Th.U.,” if /•52 lbs. from and at 2i2"F. are evaporated pQ’* 
lb. of coal, the heating value of which is 1 1,71 5 B.Th.U., th^n 
11,715 B.Th.U. is equivalent to 7-52 jbs. and <5,000,000 is 


equivalent to 


7-52 X 1,000,000 


- 641 9.. 


11715 

(6) Si/r/;/q- iu Coal Bill Biic /o FA'i>MO)nisoj the 
gross efficiency figures, the boiler and economiser is 62 *33 
per cent, and the economiser only is lO'O? per cent., so that 
expressed as a percentage the saving in the coal bill is 
10-02 X 100 


^ 2-33 


== 16*1 per cent., which can also be checked 


by empirical tables found in most pocket books, or econo- 
miser makers’ catalogues. 

(7) Savit^q' iu Coal Bill Ihio to Supcrlioators, — In the 

same way the gro.ss efficiency of boilers, economisers and 

superheaters is 65*70 per cent, and the superheater only 3*37 

per cent., so that the saving in the coal bill due to the super- 

1 i- * 3 3 / ^ 1 00 

heater is ^ ^ S cent. 

6570 

These figures are the essential ones for the true ])erformance 
of any boiler plant That is to say, for evo y ico lbs. of coal 
put into the plant, 57*20 lbs. are being u.sed to produce u.seful 
steam, the other 42*8 lbs. being wasted, 8-5 lbs. due to 
auxiliary steam and 34*3 parts to various los.ses not yet 
analysed. 

( 3 nc of the losses is radiation from the whole body of the 
plant. In my opinion, it is not. essential to determine this 
experimentally, anef I would not propose to include it as part 
of the International Code. It can, however, be determined if 
required by running a test on the plant for a number of hours’ 
the longer t(ie better, with the main steam pipes to the factory 
shutdown and supplying just enough coal to the plant to main- 
tain the full boiler procvSii re without blowing off. The amount 
of coal burnt in comparison with that of the full working trial 
will give the radiation loss, which may corresrpond to anythfiig 



CRITICISMS OF EXISTING CODES 


I2I 


from 5*0 to lyo lbs. for every loo lbs. of coal taken by the 
^aift. The “ Civils ” Code (p. 53 > ‘dso p. 79) seems to 
regard this as an essential part of the test, but the method 
propo.sc(]j is.not at all clear, and as far as can be made out, 
seems to apply to the boiler only, and not to the whole plant. 
Of course, the radiation loss should include the boiler, econo- 
miser, Sliperheatcv and all accessorie.s. 

The ortier sources of loss are faulty firing, that is, excess 
or ^leficiency of air passing through the fires, cooling of the 
plant due to leakage of cold air, heat losses in the ashes, and 
insufficient heat absorption by the boiler, superheater and 
economiser, that is too high an exit temperature in the 
chimney base. The “ Civils ” Code, and to a les.ser extent 
the American “ Mechanicals” Code, get in to a terrible tangle in 
calculating these losses, and, in fact, ap[)roach the whole of the 
calculations on the assum[)tion that these losses, and not the 
amount of heat put into the plant, are the most important 
part of the calculation.s. It is stated in the “Civil.^” Code 
(p. 5) that the measurement of the losses are “ a valuable 
check on the accuracy of a trial,” but my point is that in any 
case the loss figures are not accurate, even if they were 
necessary. 

For example, we have in the ‘‘Civils” Code (p. 78, 1 . 
23, pp. 80-85, 11. 39-40, p. 86, 11. 51, 52, 54, 55, 56, also 
pp. 88-90) the particulars dealing with the amount of heat 
passing away from the plant, and the heat carried away by the 
excess air, in half a dozen j)ages of coinjdicatcc! calculations. 
The basis is the full analysis of the flue gas (COj, CO, O 
and Jiffcrence) to represent all the ga.ses leaving the plant 
during the test, and then the calculation of this volumetric gas 
analysis to parts by weight. It is then assumed that all the 
carbon in the coal appears in the flue gas as CD.j and CO, 
and following on a complete analysis of •the coal for the, per- 
centage of carbon, hydrogen, etc., ii'e ts calculated how 
many lbs. of dry flue gases leave the boiler flues per if), of 
fuel burnt. Thi?; calculation is bs^sed on dry Hue gase.^, but 
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they are not dry as they contain, as alre.ldy seeiy an enormous 
amount of water, equal to 8-95 times the weight of tlv^ 
hydrogen originally present in the fuel, together w'th the 
natural moisture, but making allowance for this we,;arrive at 
the figure for the weight of air drawn into the flues per lb. 
of fuel. By another calculation on the percentage of carbon, 
hydrogen, etc., in the coal burnt, the theoretical weighc of flue 
gases is calculated, and in this way the excess air is determined. 

In order to try and reduce the labour of these calculations*, an 
empirical formula is recommended (p. 85), namely, 

Heat carried away by dry gases __ Constant x a x '(T - /) 

per lb. of fuel burnt C 

Where a ^ percentage of carbon by weight in the fuel after 
correction for unburnt material in the ash. 

C percentage of CO;j. 

With regard to the constant, this is explained as follows : — 

“ The constant for flue gas at about 500^" F. may be taken 
as 0'6o5 and the error will not exceed I per cent, on the heat 
balance, which is well within the limits of expcriiiienlal error.” 

With regard to the question of the loss in heat in the hot 
ashes (p. 86, 11. 42, 42<^), this is, in my ppinion, a matter 
of little importance. The Civils ” Code has to assume that 
the temperature of the hot ashes as withdrawn from the fires 
is 2000'' F. and the specific heat of the ashes is 0‘3, and all 
these assumptions reduce the “ heat balance sheet” to a farce. 

In order, theiajfore, to make this calculation for the heat pass- 
ing up the chimney, we have to myke a complete and laborious 
chemical analysis of the fuel, in addition to the heating'value 
by the bomb calorimeter, an analysis of the ash, an analysis 
of the flue gases, and a whole series of complicated calculations*' 
and the re.scalts when obtained are based largely on assump- 
tions. I would suggest that in the International Code all this 
be cut out as not e^se^yital. 

The information (Obtained by the CO2 Recorder will give ^ 
us without any trouble, b)j the curve, Fig. 8, a figure for the 
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■ loss in heat, due to faulty firing, which is practically that 
^bl^ined at so much expense and trouble by the method of 
tiie “ Oivils ” Code. 

Thu'i, for example, in the specimen trial the figure for 
CQ2 is 6'0 per cent., and by the curve this corresponds to 
16 per cent, loss iiEcoal, taking 14 per cent, as the maximum 
CO2 obtainable m practice. 

Another extraordinary feature of the “Civils” Code is 
that the whole of fhese laborious calculations have to be gone 
through all over again for the ccononii.scr, and yet a third time 
for the superheater. I am at a loss to understand what is the 
reason for suggesting that the economiser and superheater 
. should be regarded, from the point of view of gas analysis, as 
separate from the boiler, and the essential figures for the 
economiser and superheater can be worked out in a few 
seconds by the method suggested on page 1 1 5. And to fur- 
ther add to the confusion, the “Civils” Code then {)rocecds 
to give ([). 80) an entirely fresh and empirical formula for 
calculating (Hit t Jiciencies without the aid of steam tables, in 
spite of the fact that anyone can buy steam tables for a few 
pence, and the method suggested is admittedly not accurate. 
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PART III. 

SUGGESTIONS FOR NEW FEATURES WHICH MAY 
BE ADDED IN THE FUTURE TO AN INTE'R- 
NATIONAL CODE AS THIC RESULT OF 
FURTHER DISCUSSION AND INVESTIGA- 



[. The Question of the Use of a Special Factor, Depend- 
ing on the Quality of the Fuel, to be Used in Calculating 
the Net Working Efficiency of the Plant. — Up to the 

present time, in most boiler plant tests the efficiency has been 
calculated simply from the actual amount of heat present in 
the fuel, and no allowance has been made for different qualities 
of fuel, and for the different theoretical efficiencies possible. 

For example, if one plant is using the finest washed nuts 
with, say, 3 per cent, ash and 14,000 B.l’DU. per lb. and 
another plant is using merely refuse coal with, say, 35 per 
cent, ash and 7000 B.Th.U. per lb., and no auxiliary steam is 
used in each case, the efficiency is calculated in the same way 
in both instances, that is, on the amount of heat actually 
present in the coal. Thus, the first plant may be working at 
72 per cent, net working efficiency and the other at 59 per 
cent., and according to the methods of calculation generally 
adopted, the fir.st plant is regarded as doing very much better^ 
than the second. Stated in this way the results are completely 
misleading, hbeause the fact is ignored that with the good coal 
the price may be,^stiy, £2 lo.s. per ton, and the possible 
efficiency 80 per ceii\;.,wid with the inferior coal and the same 
amount of skill and attention, the efficiency can only be 65 per 
cent., but the price is^^i 5s!. per ton. ’ 
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The reason is, of course, that with inferior coal the per- 
•acnfage of ash is so great that, even with mecliauical stokers, 
it*is not easy to prevent excess air passing through the fires, 
it is |iiuc 4 i ifiore difficult to burn the coal with the evolution 
of radiant heat, and an excess of heat is lost in the ash. 

This is, however, very unfair to the plant using inferior 
coal, both scientitically, as well as from a practical and business 
point of view. For example, to look at the matter in .another 
way, take a case 0/ a plant burning 200 tons a week of the 
inferior coal at 25s. per ton, with a net working efficicnc)' of 
59 per cent., and with an annual coal bill therefore of £\ 2,500. 
If exj)ensivc coal of 14,000 B.Th.U. at £2 los. per ton is 
• substituted, it is quite true that the efficiency is increased to 
72 per cent, and the amount of coal burned is only 163 tons 
per week, yet the net result of this is to increase the fuel bill 
of the factory from £\ 2,500 to ^20,375 per annum. Accord- 
ing to the usual methods adopted, however, as in both the 
Codes, the plant is now doing better, in spite of the fact that 
the practical result would be to lose ^^787 5 per annum ! This, 
of course, is an absurdity, and J have in the past tried to get 
over this difficulty to some extent by alw.ays giving the Cost 
of evaporation o^ooo gallons of water, although this has the 
defect that it is dependent on prices of fuel, which vary con- 
siderably in different neighbourhoods. 1 would suggest, how- 
ever, that this item be included in the International Code. 
Some makers of appliances for steam generation understand 
the point very well, and many of the remarkable results that 
are published as having beeTi obtained wi^i various appliances 
will be found, on investigatioi^ to be really due to the fact that 
^specially good quality coal has been used. If such coal had 
been used on the original plant, the same results might have 
been obtained without the appliance at all. 

Thus, it is a favourite method to Ujve,*ft>r example, a Ifand- 
fired plant with natural draught, and j??Jn{?le fire-bars buining 
average coal of moderate price and quality, and to fit on^some 
appliance to bufn cheaper fuel wfth th® object of showing a 
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saving. The only fair and reasonable method of proceeding is , 
to burn the same quality of coal as before, and if further tndih 
arc carried out with cheap refuse coal or expensive good quality 
coal, then to have at the same time analogous trials v/ith^these 
coals on the plant as originally working. It is amazing, the 
number of tests published that trust to the steam user to ignore 
these elementary facts. A given furnace stated, for example, 
to save, say, 30 per cent, of the coal bill, will be found on inves- 
tigation to have been tested with cheap refuse coal, of which 
only a limited supply is available, as against average priced 
coal on the original plant. If, in the later case, the same re- 
fuse coal had been u.sed, whilst the results might not perhaps 
have been as good as with the special furnace, the real saving 
would have been about 10 per cent, instead of 30 per cent. 
When this is pointed out the reply is usually, as I know from 
experience, that the test has been carried out according to 
the usual i)ractice, and sufficient allowance has already been 
made in calculating the efficiency from the actual heat value. 
On pressing the point, however, refuge is then as a rule taken 
in the “Civils” Code, in which no allowance has been made 
for different ([ualities of fuel, although in the test in dispute 
no attempt has been made to carry it ou^vlccording to this 
Code. 

What is required is that there should be added to the 
ordinary calculated cfficie^Jicy a further quantity X, which 
would vary according to the heating value and quality of the 
fuel. The value of X would be expressed as a curve, which 
I would suggest calling the Standard Curve if Ejficiency Cor- 
rection for the Diminishing Heat^ Value of the Fdely so that the 
value of X would increase as the value of the fuel decreased. 
This would put all boiler plants on a real comparative basis, 
and give proper credit to the man who is burning a cheaper 
and^inferior fuel, apd doing a national service as well. Such 
a cprve could only obtained experimentally, and this I 
suggest would be one of the points of investigation for the 
International Comn>ittees.' ' 
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What vvoi^ld'be necessary would be for, say, twent)^ or so 
«fctho/?)Ughly representative coals to be taken, from the hii^hest 
toi the ^iowest quality, and a complete series of experiments 
carried o^t^mder various conditions of steam i^eneration on, 
say, “ Lancashire, ’ “ Marine,” and “ Water-tube ” boilers with, 
for example, (l) rated evaporation, (2) 20 per cent overload, 
(3) 20 fier cent., And (4) 50 per cent below rated load, both 
with hand firing, and different types of mechanical stoker. 
If whole series pf trials were carried out in this way, on a 
well ^equipped experimental plant, sufficient data would be 
obtained to elaborate such a curve with a considerable amount 
of accuracy. 

I Based on the experience of over a thousand tests, 1 would 
suggest the curve as given in Fig. 21 (next page). 1 do not 
pretend that this curve is accurate, because, as already stated, it 
would need to be based on much ex[)erimental work, but it is of 
interest as illustrating the principle. Thus, in the Specimen 
Test, the value of X with coal of ii ,/ ! 5 IkTh.U. would be 5-0, 
dnd this would then be added to the figure of 59-4 per cent, 
for the net working efficiency. The result, 64-4 j)er cent, 
which would be called the C.D.H.V. net working efficiency 
(corrected for c\;-i4iinishing heat value). In the example just 
mentioned the plant with 14,000 B.Th.U. coal, and 72 per 
cent efficiency, would have added the figure of 0‘5, making 
72*5 per cent efficiency; and the plant with 7000 B.Th.U. 
and 59 per cent, efficiency would ’have the figure of 23-5, 
making 82 ’5 per cent. The latter plant woukl, therefore, be 
much the best by calculatiow, as it is in jn'actice. 

2* Labour, Attendance, Repairs, Upkeep, Interest and 
^Depreciation. — Another difficulty is that of the cost of work- 
, ing the plant, quite apart from the fuel bill. If, for example, 
a plant of ten “ Lancashire ” boilers has only folir men per 
shift looking after it, together with redrfcixl labour at oight, 
and a wage bill of, say, £20 per wei#^, ^'orking on 6 q^ per 
cent, efficiency, and the plant is then reorganised to work on 
an efficiency of ^5 per cent, but t>ie wage bill is increased to 
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^200 to ;^5oq^per annum, then this extra should also 

dlducted. 

• In aimost all boiler plant tests these considerations are 
ignored, apd* no instructions are given on the point in any 
cod^. This is particularly unfair in the reverse instance on 
a very large plant of, say, sixteen boilers, where mechanical 
stoking •and mechanical coal and ash handling is installed. 
Twelve men per shift may have been working under hand 
coniJitions, and tl^e installation of mechanical appliances 
throughout may save the labour of eight men, that is, several 
thousand pounds per annum in wages. It is unfair that this 
saving should not be added to the efficiency figures, since the 
^team or power used has been deducted. 

There is also the question of interest on capital, and de- 
preciation. A firm may have a boiler plant of ten “ Lanca- 
.shire” boilers which has cost complete, say, ;f2 5,000. If this 
plant is reorganised to improve the efficiency and a further 
;{,I5,000 spent on economisers, water-softening plant, mechani- 
cal draught, mechanical stokers, instruments such as CO.^ 
Recorders, water meters, etc., then there must be deducted 
from the saving, interest on this £\ 5,000 and depreciation on 
the n^w plant. we take the interest as 6 per cent., and 
depreciation as 10 per cent., this corresponds to an annual 
sum of ;^2400, or, say. 1200 tons of coal to be deducted in 
calculating the real net saving, which makes a very substan- 
tial difference in the figures. This itnportant practical point 
is also ignored in all boiler plant tests, and some of the pub- 
lished results of tests would iook very different if such figures 
were included. 1 think that ^the whole question should also 
be investigated by the International Committees, but would 
suggest the following basis : — 

In every case the cost of the labour, attendance, repairs, 
upkeep, interest and depreciation be calculated, and then:iex- 
‘ pressed as equivalent tons of coal ,per a*]JiiAn. For example, 
If in a boiler plant of ten “Lancashire” boilers, burning 
10,000 tons of c#al valued at .£’ 2 '«),ooo, J;he total cost^was 
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^35,000, the interest at 6 percent, and the depreciation at 
10 per cent, would correspond to ^5600 per annum, ana 4 hc ^ 
cost of labour, attendance and repairs was ^2000, ^die total 
cost would be £j6oo, that is, 3800 tdhs of coal pep^ annum or 
38 per cent of the coal bill. I would suggest that the final 
efficiency figure would then be the C.D.H.V. net working 
efficiency, less 38 per cent, of this figiufc, that is, if the 
C.D.H.V. was 85 per cent., the final figure would be 

85 - 2975 55-25 percent. Some such method 

as this would get over many practical difficulties, and bring 
into true perspective the real practical value of plant, 
machinery and appliances constituting a boiler plant, including 
all the important items of capital outlay, repairs and labour 
and attendance. It would do away also with the absurdity 
of a large boiler plant being worked at a very low evapora- 
tion so as to get a higli efficiency. If, however, the interest 
and depreciation on the capital outlay of this large plant was 
included, the proper value of such a proceeding would then 
be apparent at once. 

3. Dust and Grit in Chimney Gases.— in connection 
with the difficult question of recording tl»a amount of black 
smoke, nothing is ever mentioned about dust and grit in the 
chimney gases, and this point is nqw becoming important 
since the modern power station practice is to have very short 
steel chimneys. Although there may be no smoke, the 
amount of such grit and dust given off can be easily a serious 
matter, as it is thrown out over'a very restricted area. I am 
of the opinion that the International Committees should devise 
some standard method of testing chimney gases for dust ajid 
grit, so that this would be included in the International Code, 
One idea 1 :hat suggests^ itself is to insert a bent pipe with an 
expanding verticeB nozzle in the chimney base, so that the 
ar^a of the no/zl(* cbuld be made a standard proportion of the 
inside area of the chimney at this point (say 5 per cent,). JThe 
other end of the pipe wovild be connected tb a metal box kept 
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by means of a*small fan (hand or motor driven) at a staiKlard 
•^suttfon (say 10 per cent.) above that of the chimney base. 
C(Jnseqifently 5 per cent, of the chimney gases would be 
pulle(J thrcugh the box, which could be provided with baflles 
and«a cloth bag to collect the solid material, which would then 
be weighed and ex{)rcsscd as so many ounces per hour, or by 
some otTier conveT»iient term. 

4. Steam Meters. — ^Another point for investigation by 
the •International CV^mmittecs is the question of using steam 
metet^ to measure the output of the plant instead of, or in 
addition to, the measurement of the water evaporated. The 
“ Civils ” Code does not mention steam meters at all, whilst, 
%s already seen, the American Code permits their use for test- 
ing auxiliaries. There is no doubt that the logical method of 
determining the output of a boiler plant is to measure the 
useful steam actually passing into the factory, if only this could 
be done with sufficient accuracy. Steam meters have already 
been referred to on page 103 in connection with the measure- 
ment of auxiliary steam, and since this — -in averages — is, say, 
6 to 10 per cent, of the production, a steam meter is very 
satisfactory for the purpose. The matter is not, however, 
quite, so easy w^^n the total output and the net working 
efficiency of the boiler plant have to be calculated. 

There is no doubt that the invention of a simple and 
reliable form of steam meter has been (me of the most difficult 
problems in engineering. The steafn may contain different 
amounts of water, and, if superheated, the temperature may 
vary considerably, whilst the* amount of sjeam passing may 
fluctuate suddenly through a >^ide range, and there may also 
bq a pulsating action. Further, as already stated, the steam 
often has a violent swirling motion in the pipe, so that it is 
very difficult to get a true figure for the averag 5 velocity. 
However, these difficulties have now ^in*fmneral been :uir- 
mounted, and there is at present on, the i?){irRet seven differ;;nt 
makes of steam meters. 

• * 

Steam meters* can be divided ihto general classes. 
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The first consists of meters in which the wKoh of the steam 
passes through the body of the meter, as represented by iiheY^ 
“ Bayer ” and “ St. John ” meters. In these meters cone> or , 
disc is lifted off its seat according 'to the amount of ^ steam 
passing, and a recording mechanism is actuated by this means. 

The second class consists of meters in which a disc or 
plug is inserted in the steam pipe line, and^ connected to the 
recording mechanism. In the “ British Thomson-Houston,*’ 
“Curnon” and “Sarco” meters the disc or plug is a “Pitot”' , 
tube, whereas in the “ Bailey ” and “ Kent ” meters the 
principle is that of a “Venturi ” tube. The amount of steam 
passing is proportional to a small difference of pressure shown 
either by these Pitot* or “Venturi ” tube devices, and thiu 
pressure varies from zero to say lb. per sq. in. In measur- 
ing this small pressure and expressing it as lbs. of steam 
passing in the pipe the “ Bailey ” meter uses a sealed cell 
floating in mercury, the “Curnon” and “Kent” meters a 
diaphragm, and the “ British Thornson-Houston ’* and “ Sarco ” 
meters a modified “ U ” tube with float. 

The makers of most of these meters claim an accuracy of 
I to 2 per cent, but the trouble seems to be that most meters 
are not as accurate when the passage of th * steam is flnetuat- ' 
ing. I think that, subject to further investigations, steam 
meters ought to be included in the International Code as a ' 
useful addition to the measurement of the steam output of the : 
boiler plant. 
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PART IV. 

DESIGN OF "report SHEETS FOR TllK NEW 
CODE. 

• 

TllE^follovving is the design of “Report Sheets” I would 
suggest for use with boiler tests carried out according to an 
International Code. The explanation of each item, the exact 
•method of carrying out the test and logging the results, say, 
every half-hour, and the working log sheets for actual use on 
the test itself will hardly need much description and it will not 
be necessary to include it in this book. 

In general, however, the International Test Code Sheets 
I would suggest be divided into four main and distinctive 
groups in logical order, namely, (i) A General Description of 
the Whole Plant, (2) Particulars Relating to the Ihirning of 
Fuel, (3) Particulars relating to the Production of Steam, 
(4) Tabulated R^.adts. 

After the preliminary sheet, item (i), is a detailed descrip- 
tion of every part of ^he plant in the natural sequence, com- 
mencing with the boilers, following through with everything 
relating to coal, that is, coal and asli handling j)lant, grates, 
control of firing, economisers, chimney flues and mechanical 
draught, then following with details relajing to steam pro- 
duction, such as boiler feed-water, method of boiler feeding, 
ipeasurement of feed-water, superheaters, measurement of 
steam output and steam pressure. This will give a complete 
account of the details of the equipment of the plant, and, in 
my opinion, it is much better to be^enlFodied in the Test 
Sheets in this way. “* * 1 

Jtem (2) deals with all the particulars of the test relating 
to the fuel, namelj^', the description dnd quiality of the fuef, the 
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analysis, the amount used, the particulars as regards the ash, 
flue, gas temperatures, draught, flue gas analysis, and b’ajck 
smoke. r- a 

^ Item (3) deals in the same way in order with each item 
relating to the production of steam, namely, the amount of 
water evaporated, the temperature of the water, the steam 
pressure, the amount of superheat, and the p-jxiliary Steam or 
power used for the production of steam. 

Item (4) then gives the tabulated results, that is,^the 
water evaporated per lb. of coal, “ from and at,” “ from and 
at” per 1,000,000 B.Th.U., and the efficiency figures, that 
is, the net working efficiency of the plant, and the separate 
figures for the boiler, economiser and superheater. Alsot> 
the cost for evaporation of 1000 gallons of water. 

The last sheet is the “Long Check Test,” giving the 
essential figures of the water evaporated, and the amount and 
analysis of the coal used. 

The example given of a Report on these lines, with the 
figures of an actual test, will doubtless make the matter clear. 

COMPLETE STEAM BOILER PLANT TEST 
RItPORT. 

{Test Carried out According to the International Steam Boiler 
Plant Test Code.] 

GKSEIU L PARTICULARS. 

(a) Boiler plant situated at . . Manchester. 

(^) Name of plant . . . . . Main boiler plant (paper mill). 

(e) Dale of test . . . June 2 1-28, 192 1. 

{</} Duration of test . . . 8*00 hours. 

(e) Duration of long check test . . 168 00 hours. , 

(/) 'best carried out by . . . — 

(g) 'best carried out in the presence of — — — 

{/i) Object of the test ^ . . .To find the performance figures 

' c for the present ordinary running 

, d I from week to week. 

(/) General remarks .... The present summer load is 
' (. roughly 10 per cent, less ftian , 

the winter load. 
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GENERAL DESCRIPTION OF THE BOILER PLANT. 


i.,]fOILERS. 

ja) Ty|De of boiler .... 

W Number,of boilers on the nlant 
(c) T^umber of boilers used on the 
* test . . ^ . 

(d) Chief dimensions 

(^’) Heating'' surface per boiler 

(/) Maker 

(j*) Date installed . ^ . 

(//.) Maker’s rating' of boiler output 
(?) “Amount of water ecpiivalent to i 
in. of gauge-glass at com- 
mencing level of test 
(/■) Brief resume of last report of 
insurance company 
(/(’) Condition of the brickwork 
(/) Condition of the covering . 

(///) Remarks , . . . 


2. MECHANICAL COAl. AND 
(a) Is the coal handled mcchanic- 
• I ally ? . • . 

(^) If so, state the following parti- 
culars : — 

(^i) Type of plant 
(^2) Name of maker . 

(/iy) Maker’s reference number . 

When installed , . ^ . 

(^) Number of hours working 
compared with the bojler 
plant . , . . 

* {d6) Power Tequired to work the 

plant . . . . 

{dy) Remarks . . . . 

(c) Is the ash handled mechanically 
{(f) If so, state the following par- 
ticulars : — , 


“ Lancashire 


30 X 8 ft. 

1000 sq. ft. 

X. 

One boiler 1910, two boilers 1914. 

7500 lbs. steam per hour. 

950 lbs. per boiler. 

(iencral condition of boiler very 
good but fair amount of scale. 

Very bad. 

Very bad. Lagging is of an in- 
ferior quality and very old. 

The brickwork is generally in a 
deplorable condition, and the 
cold-air leakage is enormous. 

ASH HANDLlNtk 

Yes. 


“ Boot ” elevators to each stoker. 

42,619. » 

1915. 

Continuously day and night. 
Stopped at week-ends. 

2-85 H.P. , 

Have not had much trouble in 
wf^rki1>;. 

.No. •; • 
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(^/i) Type of plant 
,(^2) Name of maker. 

(f/3) Maker’s reference number . 
(//4) When installed . 

(<^5) Number of hours working 
compared with the boiler 
})lant .... 

(</6) Power required to work the 
plant .... 

{dj) Remarks . . . . 


3. (CRATES. 

(A) Is the firing hand or mechanical 

(B) If hand-fired, state : — 

(Bi) General tyj)e of fire-bar 
(B2) If special make, name of 

maker .... 

( B3) I f mechanically moved, state 
power required 

(B4) Remarks .... 

(C) If mechanically fired, state 
(Ci) Type of stoker (sprinkling, 

coking overfeed, or cok- 
ing underfeed) 

(C2) Name of maker 

(C3) Maker’s reference number . 

(C4) When'installed . 

(C5) Amount of power required 
to drive the stoker, 
mechanism per boiler 
(C6) Remarks .... 

(D) Total grate area on test 

(E) , Length of bars (\nc,'uding dead 

plate) 

(F) Total width of furnace 


1-25 H.P. 

A spiral screw type of ash ele- 
vator was originally installed, 
but scrapped after two ^years 
because of breakdowns. Ashes 
now taken away by hand in 
wheelbarrows. 

Mechanical. 

Not hand-fired. 


Coking overfeed. 

X. 

51,206. 

With the boilers. One in 1910, 
two in 1914. 


1-25 H.P. 

The drive is a small non-condens- 
ing steam engine, and the ex- 
haust is blown to atmosphere. 
69-00 sq. ft. 

5 ft. 9 ins 
3 ft- 
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(G) Average air .pace between the 

# bars 

^H) If steam jets are used, state :~ 
(Hif Number of nozzles per 
# • bSiler under front of fires 

^H2) Number of nozzles per 
boiler under back of fires 
(H3jp Number c\f nozzles per boiler 
T)ver the top of the fires . 
^(H4) Approximate diameter of 
the nozzles . 

(Jd5) Size of steam pipe supply- 
ing the nozzles 

(H6) How is the valve on this 
steam pipe supplying the 
nozzles generally worked ? 
(H;) Is there any method in 
use of determining the 
amount of steam used 
by these nozzles 

(H8) Remarks .... 


Is the boil^‘ fitted with any 
smoke preventer or other 
special type of apparatus 
auxiliary to the grates ? 

(J) How are the boiler dampers 

generally worked ? 

(K) Can they be controlled from the 

firehole ? . . . . 

(L) General remarks 


4* CONTROL OF FIRING. 

(A) Is the firing controlled by 
, means of flue gas analysis ? 

; (B) I f a CO 2 Rectrder is used, state :■ 


I in. 


14 - 

None. 


h in. 
i in. 

F ull open all the time. 


None. 

No difference is made to the 
valve controlling the nozzles 
which is left full open all the 
time irrespective of the speed 
of working. 


None. 

Full open. ^ 

No. 

The dampers are worked by 
weights but the chains are 
only short and the weights 
hang over the back of the 
boilers. 


No. 
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(Bi) Is more than one recorder 

in use? .... No. ^ 

■ (B2) Name of maker . . .X. 

(B3) Is it being worked con- 
tinually? . . . No, ’Out of order. , , 

fB4) Is it in good condition and ^ 

giving good results ? No, out of order. 

(B5) Remarks .... The CO., Recorder has not worked 

for several months, the pen 
mechanism being out of order. 

(C) Is an “Orsat” or other hand 

apparatus in use ? I f so, how 

often ? .... None in use. 

(D) Is there any method of col- 

lecting flue gas analysis over 
a number of hours? If so, 
give a description . . None. 

(E) Is tlie plant fitted with draught 

gauges ? If so, slate jiar- 

liculars .... One draught gauge in fan inlet. 

(F) General remarks . . . No attention is paid to flue gas 

analysis and draught regulation. 

5. ECONOMISERS. 


Is the plant fitted with economisers 

at work ? ^'es. 

If so, state : — ' '' 

(A) Name of maker . . .X, 

(B) Maker s reference No. . 25,625. 

(C) When installed . . . 1908. 

(D) Number of tubes in the in- 

stalb.tion . . . 480. 

(E) Of what metal are the tubes 

comj)osed , . . . 'Cast iron. 

(F) Number of tubes at work^ 

during the test . . 480. 

(G) Height of tubes (or length) . 9 ft. ‘ 

(H) Tobjl heating surface of the 

installation . . . 4^00 sq. ft. 

( 4 ) Number of tubos wi^e . .10. 

fl) General arrang‘em[^.iit ., . Straight line. 

(K) Method of driving the Small steam engine supplied with 
' scrapers . . . . economisei;, 
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(L) Conditions as regards scale 
^ from*the last report of the 
insurance company . 

* (M) Conditions as regards cor- 
0 Boston .... 
^N) Is a circulator fitted ? If so, 
state particulars 

( O ) 4 s cold watpr (100" or under- 

ran through the economiser 
at night or at week-end ? . 
(?) Condition of »the brickwork 

(P) Remarks. 


6. CHIMNEY. 

(A) Height above firing level . 

(?) Height above ground 
(C) Internal dimensions (top) 

(I) ) Internal dimensions (bottom) . 

(E) Material, brick, stone or steel . 
(E) Shape, circular, square, hori- 
zontal 

(C) When was it erected 
(H) Ceneral condition . 

^I) ds it lined \\^‘h fire-brick inside ? 
If so, for what height? 

(J) Will it stand cutting for another 

entrance ? . 

(K) Are the foundations good 

enough for the height to be 
increased? . . . . 

(L) Remarks . . . 

7. FLUES. * 

(A) Give a thumb-nail sketch of the 

general run of the plant 

(B) What is the internal height of 

the main flue ? . 

J[C) What is the internal width of 
the main fiue ? . 


Fairly good. 

Slight signs of wasting at the 
bottom. 

None fitted. 

Yes. Cold water (6o^‘) seems to 
be run in at week-ends. 

Fairly good. 

The whole economiser seems to 
be subsiding a little at the 
chimney end, the ground being 
bad. 

Not known exactly, about 150 ft. 
About 3 ft. more. 

6 ft. 

7 ft. 9 ins. diameter. 

Brick. 

Circular, square base 12 ft. high. 
About 1900. 

Very good. 

Yes. About one-third the height. 
Yes. 

Yes. 

Chimney generally is in fine con- 
dition and when built originally 
was meant for about si.x boilers. 

• 5 ft.'cfSu?. 

3 ft. 
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(D) Do these dimensionsihold good 

from the economiser exit 
right into the chimney ? 

(E) Are the flues damp ? 

(F) If “ Lancashire ” or “Cornish 

boilers what is the dimens- 
’ ions of the smallest space in 
the side flues ? . 

(G) Remarks . . . . 

8. MECHANICAL DRAUGHT. 

If mechanical draught is in use, is 
it induced, forced, or “balanced ” ? 
State 

(A) Name of maker of fan . 

(B) Type of fan (multiple or 

.. paddle bladed) 

(C) Maker’s reference number . 

(D) When installed . 

(E) Is fan full housing or not? . 

(F) Area of fan inlet . 

(G) Area of fan discharge . 

(H) Diameter of fan runner 

(I) Is the fan provided with ring- 

lubricated and water- 
cooled bearings ? 

(J) How is the fan driven? . 

(K) If fan driven by steam engine, 

state : — • 

(Ki) Lerf^th of stroke . 

(K2) Area of piston 
(K3) Maximum Sipeed . 

(K4) Is the engine direct- 1 
coupled or is it belt- 
driven 

(K5) H direct-coupled, is the 
fan and engine on com- 
^ bined cSist-iion bed- 

. Ik plate ? * •^ * .0 

(K6) Is the full boiler pressure 
• on the fai^ engine* or is 


Yes, 

No. 


10 ins. 

r 

The brickwork of th^flues is fairly 
good, but rather leaky, ^and ■*.; 
should be “pointed”. * 


Yes. Inluced draught. 

X. 

Multiple blade. 

123. 

1910. 

Full housing. 

40 ins. diameter. 

28 sq. ft. (effective). 

40 ins. 

Two bearings t.ng-lubricateff, cne 
water- cook d. 

High-s|jeed engine. 

6 ins. 

g ins. diameter. 

615R.P.M. 

Direct-coupled. * 


Yes. 
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there a reducing valve 
rftted? If so, what is 
the steam pressure on 
the engine stop valve ? 

Ms a surplus valve Full boiler pressure. No surplus 
fitted ? ... or reducing valve. 

(K7) Can the ^peed be con- 
« trol^d from the fire- 

hole?' . . . No. 

(K8) WHat is done with ex- 
haust steam from the 

, engine? . . . Blown away in the air. 

(K9) Remarks . . . Fan discharge not good. 

(L) If fan driven by electric motor, 

state ; — 

(Li) Name of maker of motor 

(L2) Maker’s reference number — — — 

(L3) Rated maximum revolu- 
tions per minute. Out- 
put of motor, amps. 

Output of motor, volts — - - — 

(L4) Is the motor direct- 
coupled or driven 
(chain, belt or rope) ? . — — — 

(L5) If direct-coupled, is the 
fan and motor on com- 
bined cast-iron bed- 
plate ? . . . — — — 

(L6) What is iffe figure of 
electric current avail- 
able ? amps., volts . — — — 

(L7) Is the current generated 
on the works or I from 
outside current ? . — — — 

(L8) What is the real net price 

jmid for the current ? . — — — 

(L9) Can the speed be con- 
trolled from the fire- 

hole? . . . — — 

(Lio) Remarks . . 

(M) If fan be driven from a line 

shaft, state 
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(Mi) Method of drive (rope, 
chain, belt) 

(M2) Speed of driving shaft . 

(M3) What arc the usual run- 
ning hours of this 
shaft ? ... 

(M4) Is there a friction clutch 
or other arrangement 
to disconnect the fan 
at will ? . . . 

(X) If any other method driving 
the fan is ado|)tcd, give 
full particulars 

(O) Normal speed, revolutions 
per minute at which the 
fan is run 

(!’) Maker’s maximum rating of 
the mechanical draught 
plant .... 

(Pi) Revolutions per minute . 

(P2) Cubic feet of gas or air 
handled ai stated tem- 
p rat lire (350“"" F.) per 
minute 

(P3) B.II.P. taken at this maxi- 
mum rating 

(P4) Remarks 

(Q) Is the draught given sufficient 

(R) (General remarks . 


9. BOILER FEED-WATER. 


No other method. 


550 R.P.M. 


615 R.P.M. 


23,000. 


Not quite. 

The faii as installed is hardly big 
enough and seems to be throttled 
by a bad discharge to the 
chimney. 


(A) What is the source of the feed-; 

water ? . . . . River, 

(B) If more than one source is used, 

stat4' the usual proportions . No other source. 

(Q|ljs the water mud^ly ? If so, is 

any filtering pUnt vsed ? and Not particularly. No filtering 
k , give description . plant used. 

f (D) Is there any scale ? . . Yes. 

(E) Is there any corrosion ? f * 
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[F) Is any chemiral or boiler com- 
0 position used ? If so, give: — None. 

(Fi) Name of composition . - - — — 

* (F2)‘*Name of maker . . . — — — 

(Ii3) kk)V^ it is added to the 
* boiler? . . . , — — — 

(F4) Does it give satisfactory re- 

• suits? V. . . . — — — 

(F5) Retnarks .... A boiler composition was used 
* Ijefore the water-softening 

• plant was installed. 

If any type of water-softening 

plant is in use, state : - - . Yes. 

(Gi) Name of maker . . X. 

(G2) Maker’s reference number 257B 
(G3) When installed . . . 1910 

(G4) Maker’s rated output of 
softened water, gallons 
per hour . . . 2000 gallons. 

(G5) How many hours settling 

does the plant allow of? 2 hours. 

(G6) At what output is the plant 

being worked ? . . About i 500. 

(G7) If lime is used, is it as lime 

cream or milk of lime ? . Lime cream. 

► f'G8) How nyny times a day is 

the water analysed ? . Once, 

(G9) What is average figure for 
the analysis \)efore treat- 
ment ? .... 2 r total hardness. 

(Gio) What IS average figure 1 

for the analysis after 
treatment ? . . • . 8'. 

(Gii) Remarks .... Softening plant is not being par- 
ticularly well looked after. 

* (H) Is any spc*jial method adopted 
for the prevention of corro- 
sion? No. 

(I) Is a trace of alkali in the steam 

prejudicial to the use of the ^ , 

steam ? .... No. 
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10 . METHOD OF BOILER FEEDING. 


(A) If an injector is used, state ; — 

(Ai) Is it in regular use or only 

as a stand-by ? 

(A2) Is it live steam, exhaust 
steam, or mixed pressure ? 

(A3) Name of maker . 

(A4) Remarks .... 

(B) If a boiler feed pump is used, 

state : — 

(Bi) Type of pump 

(B2) Name of maker 

(B3) Maker’s reference number . 

(B4) When installed . 

(B5) Maker’s rated duty, amount 
of water pumped under 
given conditions of power 
or steam supply, speed, 
and boiler pressure 

(B6) Amount of suction lift to the 
pump .... 

(B7) Average speed of pump 

(B8) If steam driven, what is 
done with the exhaust 
steam ? . 

(B9) Average steam or power 
taken by the pump 

(Bio) Remarks . . 

(C) If feed- water regulators arc in 

use, s'iate 

(Ci) Number of regulators at 
work . 

(C2) Name of maker . 

(C3) When installed . 

(C4) Remarks .... 

(D) General remarks 


Only as a stand-by. 

Live steam. 

X. 

Practically uever used. 

Vertical airect-acting. 

X. 

26,727 

1910. 

1500 gallons at 12 double strokes 
per minute with and against 
150 lbs. gauge. 

None falls from overhead tank. 
About 15 double strokes per 
minute. 


Blows away i’’* the air. ^ 
Approximately 1 50 lbs. steam per 
hour. 

Feed pumji.gives no trouble at all. 


3 - 

X. 

1914. 

Do not work particularly well. 


1 1.> MEASUREMENT OF BOILER FEED-WATER. 

' (A) Is there any method in use of 
measuring continuously the 


1 
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amountof feed-water pumped 
to the toilers ? . 

( 8 f If tanks are used give a descrip- 
« tipn ..... 

(C) Ka wate» meter is used, state . — 
(Cl) Name of maker. 

(t 22 ) Maker’s reference number . 
(C3)^When installed . 

(C4) Is i^ used regularly ? . 

(C5) Is therte any test tank or 
• other method in use for 
testing its accuracy ? 

(D) ^General remarks 

2. SUPERHEATERS. 

If the plant is fitted with superheaters, 
state : — 

(A) Number of boilers fitted 

(B) Number used on test . 

(C) Name of maker , 

(D) Maker’s reference number . 

(E) When installed 

(F) Can the superheat be con- 

trolled with dampers ? 

Is the sui;^rheat fifed with 
bye-pass to main steam 
circuit ? . 

(H) Number of tubes per super- 

heater .... 

(I) Heating surface of tubes per 

superheater 

(J) ^What is the maker’s rated out- 

put, temperature rise pe^' 
stated evaporation of the 
boilers ftt slated pressure ? 

(K) Is provision made for further 

tubes to be added if neces- 
sary to the existing super- 
heater header ? 

(L) General remarks . 


No. 


Staff have no idea of the amount 
of water evaporated. 


3. 

2. 

X. 

26,200 

With the boiler ; one 1910, two 

1914. 

No. 

No. 

36 - . 

176 Sep ft. 

100” F., superheat. 


%• - . . .. 

Superheaters have given no 

tuouble. 


10 
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13. MEASUREMENT OF STEAM OUTPU^^:. 

Is there any steam meter installed 
to measure the actual steam output 
of the plant ? . . . . None. 

I f so, state; - 

(A) How many steam meters 

installed ? . . . — — — 

(B) At what points are they in- 

stalled ? . . . . 

(C) Name of maker . . . — — — 

(D) Maker’s reference number . — — “ 

(E) General remarks . . . They seem to be impressed with 

the idea of installing steam 
meters. 

14. STEAM PRh:SSURE. ^ 

(A) What is the blow-off pressure 

of the plant? If different 
boilers have different pres- 
sure, give full particulars . 1 50 lbs. Only one pressure. 

(B) What is the lowest pressure per- 

missible on the plant without 
reducing the factory effici- 
ency, that is, what margin of 

pressure is permissible? . 140 lbs. 10 lbs. margin. 

(C) General remarks . . . Some low-pressure steam^.is.used 

through a reducing valve, but 
is not much, and this mill seems 
to \lo very little “ boiling ' ' 

PARTICULARS RELATING TO THE BURNING 
OE EUEL. 

15. DESCRIPTION AND QUALITY OF FUEL USED. “ 

(A) Nature of fuel . . . Small slack. 

(B) Name of fuel .... X. 

(C) PricY' per ton delivered to the 

firehole or fuel conveyers , £^2 Ss. per ton. 

^D) What is the «average fuel used 
c,. all the yea/rc’in.l ? • Small slack as above. 

(E) Remarks .... In general, have not usedjnuch ^; 
V other cq??il. 
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16. ANALYSIS OF THE FUEL. 

» ’ 

Gross B.Th.U. in dry coal per 
lb., as fired .... 
fB) Net B.Th.U. per lb. corrected 
♦ fo? moisture in coal 
(C^ Percentage of ash . 

(D) Percentage of water 

(E) Remarks ». 

f ' 

y 

17. amount of FyEL USED. 

(A) »Total amount of fuel used on 

test 

(B) Corresponding fuel burnt per 

boiler per hour . 

(C) Corresponding fuel burned per 

sq, ft. grate area per hour . 

(D) Is there much difference be- 

tween one hour and another 
in the fuel consumption on 
the test ? . 

(E) Is there much difference in fuel 

consumption on individual 
boilers ? . 

(F) Remarks .... 


ASH PARTICULAR^ 


12,608. 

11,715- 

1 1 *0 per cent. 

6*5 per cent. 

This coal is stated to be about 
average quality. 


1 5,960 lbs. 

997-5 

28'5 lbs. 


Not much. 


No. 

Load is very steady for a paper 
mill. Appro.ximatc variation 
in steam demand per half-hour 
does not exceed 20 per cent. 


(A) Total amount of ash produced ’ 

O^s.) Not taken. 

(B) Percentage of unburnl material 

• in ash (by analysis) . . — _ _ ' 

(C) Corresponding B.Th.U. per lb. 

• (D) Remarks. ^ . . , . . - __ 


19. FLUE GAS TEMPERATURES. 

(A) Average temperature leaving , ^ 5 

boiler Jr'] 

(B) Average temperature leaving 

superheater^^ . . . 580" F. 



148 BOILER PLANT TESTING 


(C) Average temperature entering 

economiser 

(D) Average temperature leaving 

economiser .... 

(E) Average temperature at chim- 

ney base .... 
(P) Remarks .... 

20. DRAUGHT. 

(A) Draught in chimney base or 

near fan inlet, ins. W.G. 

(B) l^raught at exit (or side flues) 

of boiler, ins. W.G. 

(C) Draught over the boiler fire, 

ins. W.G. .... 

(D) If forced draught, pressure 

over fire, ins. W.G. 

(E) If forced draught, pressure in 

ash-pit, ins. W.G. 

(P) Remarks .... 

21. FLUE GAS ANALYSIS. 

(A) Complete analysis. 

(Ai) Percentage of CCU 
(A2) Percentage of oxygen 
(A3) Percentage of CO 

(A4) Percentage of nitrogen (by 
difference) . , . 

(A 5) Average of how many 
analyses 

(A6) Remarks .... 

(B) Combustion recorder figures 

(Bi) Percentage of CO.j . ,. 

(B2) Average of how many 

analyses 

(B3) PJ.0W many hours run 
(B4) Remarks .... 

■ 

2?< BLACK SMOKl^. o' i t 

Is the plant troubled with black 
smoke . .•>.*. 


570^ F. 

400'^ F. 

400” F. ^ 

No pyrometers are installed per* 
manently on the plant 


0‘95 in. 

0-50 in. 

0*20 in. 

No forced draught. 

No forced draught. 

As already stated, fan not big 
enough, and badly installed. 


5 8 per cent. 

14-5 percent. .. 

0*2 per cent. 

79-5 per cent. 

Six different samples of about 
1 5,000 c.c. each. 


6-00 per cent. 

About 1 50. 

8*00 hours. 

As already noted there is a lot of 
leakage of cold air. 

0 

No. Very <good on the whole. 
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PARTICULARS RELATING TO THE PRODUCTION 
.• OF STEAM. 


!V A^A)UNT OF WATER 


2V AiViUUi>Ji UL' KVAI’ORA'J’Kl). 

(A) Method of measuring the water 
* on the test . 


(B) Total net amount of water 

evaporated on the test (lbs.) 

(C) Correspoiuling water evaporated 
* per boiler per hour (lbs.) 

(DJ Corresponding water evapor- 
ated per sq. ft. grate area per 
hour (lbs.) .... 
(E) Remarks .... 


Calibrated [iressurc meter. 


105,328 lbs. 


6 583 lbs. 


24. TJiMPERA'rURE 


. . . 190 8 lbs. 

. The variation in demand per 
half-hour is less than usual 
for a paj)cr mill (see test log 
figures). 

OK KEEI)-\VA 1 'ER. 


(A) Average temperature before 

economisers . . . 121’ F. 

(B) Average temperature after 

economisers . , . 296' F. 

(C) Corresponding percentage of 

coal bill saved by econo- 

misers^ . . . .161 percent. 

(U) Remarks .... The economiser is doing ex- 
^ tremely well. 

25. STEAM PRESSURE. 


(A) Average lbs. per .sq. in., gauge 147 lbs. 

(B) If different pressures on the 

same plant, give the sefxnate 
averages for each division of 
boilers .... Only one pressure. 

* (C) Average Ilfs, per .sq. in., absolute 162 lbs. 

(D) Remarks .... .Steam pie .sure is maintained 

on the whole very well. 


26. SUPERHEAT. 


(A) Temperature of saturation of * 

• steam at the average pres- 
sure of tht plant . . . 364*2'^ f. 
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(B) Average temperature of super- o ^ 

heated steam leaving the 
superheaters on boilers fitted 
with superheaters . . 475'^ F. All fitted. 

(C) Average temperature of super- 

heated steam leaving the 
plant (boilers fitted and not 
fitted with superheaters both 
included) . . . - 475 ” F. All fitted. 

(D) Corresponding average degrees 

of superheat . . . 475" F. 

(E) In general is each individual 

superheater giving the same 
amount of rise ? . , . Yes. 

(F) Percentage saving in the coal 

bill due to superheaters . 5-1 per cent. 

(G) Remarks. Superheater installation in 

general working very well. 

27. AUXILIARY S'J'EAM OR I’OWER USKI) EOR THE PRO- 
DUCTION OP stp;am. 

(A) Mechanical coal handling . 0-4 per cent. 

(P>) Mechanical ash handling . 0*3 per cent. 

(C) Mechanical stoker or hand-fired, 

mechanical moving furnace < * 

drive 0-5 per cent. 

(D) Steam jets .... 8*05 per cent. 

(E) Mechanical draught . . .2*4 per cent. 

(F) Boiler feed pump . . .0-9 per cent. 

(G) Injector , , . . . None. 

(H) Water softening . . • 0-2 per cent, 

(I) Economiser scrapers . . 0-2 per cent. 

(J) Any other auxiliary steam ._ None. 

Total 

(K) Remains 


12-95 per cent. ^ 

EnormouS; amount of steam being 
tak^jjL^y the steam jets. 
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•T/iBULATED RESULTS. 

«• 

3 Water evaporated per lb. fuel, as 

fiild 6-6o lbs. 

32. Equivalent evaporation of water 

• from and at 212° F. per lb. 

fuel, as fired . . . .7*52 lbs. 

33. Equivalent evaporation 1 of water 

from*and at 212’ F., evapor- 

• ated per 1,000,000 li.Th.U. in 

fuel, as fired . . . 641*9 lbs. 

• 

34. EFFICIENCY OF ]M.ANd'. 

(A) Net working thermal efficiency 

of the plant after deducting 
the steam or power used 
auxiliary to the production 
of steam corresponding to 
1 2 '9 5 per cent, of the total 
steam production of the plant 57*20 per cent. 

(B) Percentage of total heat ab- 

sorbed by the ])oiler . . 52*31 per cent. 

(C) Percentage of total heat ab- 

sorbed by the economiser . 10*02 per cent. 

^([p) Percentage of total heat ab- 

sorbed^jy the superheater . 3 37 per cen!. 

"^35. COST IN FUEil FOR THE EVAPORATION OF 10,000 


LBS. WATER . 

365-3 pence. 

• 

36. LONC; CHECK TESJ’ 

(A^ Duration (hours) 

165*00 lioprs. 

(B) Dates and time.s • • • 

— 

(C) Quality of fuel used 

Small slack. 

(D) Price of fuel used . 

^2 5s. per ton. 

(E) Amount of fuel used, tons 

1 10*58. 

(F) Analysis of fuel used : — 


(Ft) B.Th.U. (net calculated) 

I I, ^00% 

(F2) Ash • 

1 1 Hj^ent. 

*(G) Total net amount of water 

evaporated .... 

•162,0^ lbs. 
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(H) Approximate average tempera- 
ture of inlet water . . 120'" F. 

.(I) Water evaporated per lb. coal . 6*54 lbs. 

(J) Cost in fuel to evaporate 1000 

gallons of water . . . ^ 6 ^ 6 pence. 

(K) Approximate annual coal bill of 

the plant . . . . ^12,450. 

(L) Remarks. ... Week’s results would be expected 

to be like the da^’s test since 
the plant worlcs day and night. 
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SUMMARY. 

In summing up, the whole ([uestion of boiler plant testing 
I should like*to emphasise again that the first necessity of any 
In!ernational Code; is that it must be practical, consistent with 
, reasonable accuracy, so that testing of boiler plant can be 
carried out regularly all the year round. 

Such a code in my opinion should include the following, 
as already discussed in detail : — 

1. The separation of boiler plant testing from every other 
form of testing, especially that of steam engines. 

2. The duration of the test to be S'O hours, and longer if 
possible, six hours to be allowed if peculiar local conditions 
demand it, but no test to be less than this. 

3. In every case a long check test of one week (168 hours) 
or longer, to be essential, so as to include night and week-end 
performances. 

4. The dried fuel to be analysed in a bomb calorimeter 
and a calculated heat value be taken based on the percentage 

water and taking’' the temperature of the boiler plant exit 
gases as 212'' F. The determination of hydrogen, with the 
corresponding calculated lower he^lt value, to be abandoned. 

5. The use of a CO2 Recorder for the whole duration of 
the trial to be regarded as essential. ^ 

6. The gases to be aiujysed for CO and unburnt gases, 

•either by the use of the “ Duplex Mono ” or by taking auto- 
matically a very large sample, say 20,000 c.c. at the rate of at 
least 2000 c.c. per hour, and analysing this sanTple with the 
“ Orsat ” or other hand apparatus. * \ g 

7. In measuring the boiler 5 eed-*v^fcr approved mal^s of 
\4fater meter be allowed, provided they are fitted with a cali- 
brated test tanl^ or tested before ^nd a§er the trial. 
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8. The determination of the moisture in the steam be 

9 

abandoned until reliable methods are discovered. «» 

9. The specific heat of superheated steam be taken second- 

ing to Knoblauch and Jakob’s work and the figure gf 0‘^8 be 
disregarded. , 

10. All the steam used auxiliary to ‘ the production of 
steam must be determined with great care, ^ and deduefted in 
calculating the efficiency. In the case of stcanj jets, either a 
steam meter or some form of surface condenser to be used.* 

1 1. The new figure of “ lbs. of water from and at 212^ F. 
per 1,000,000 B.Th.U.” be included in the test figures. 

12. The method of calculating the results shall be essen- 
tially from the heat of the fuel, and not by the “heat balance 
sheet” method based on the flue gas analysis. 

The general testing methods in vogue in the world to-day 
are academic and unpractical, although very few tests indeed 
can ever have been carried out according to the “Civils” 
Code. 

Certainly most of the boiler plants of Great Britain are 
small, say two or three “ Lancashire ” boilers, yet an Inter- 
national Code must be applicable to all plants, no matter 
how large, and the larger the plant the more 'urgent is the 
necessity for continual testing. The impossibility of th(^ 
“Civils” Code methods is best represented by taking an 
average fairly large-sized^ factory boiler plant, of, say, ten 
“ Lancashire boilers burning 10,000 tons of coal per annum, 
with a fairly complete array of 'accessories in the way of 
economisers and mechanical stokers, but without superheaters, 
and with two different, high and low, boiler pressures. 

In the first place, the instructions are to insert steam driers 
in the steam pipe circuit of the plant, and then to determine 
the ijioisture ift the s,*^eam. This means on the given plant, 
with, say, two 8-itv Sft^am mains, high pressure and low 
pressure, that the whole factory must be shut off, whilst two 
lengths of the main sfeam pipes are taken dovym and two 8-in. 



SUMMARY 


155 


steam driers fixed in the circuits, with special “ making-up ” 
pieces, a formidable job itself. Huge water tanks to measure 
the fee(Jr water have to be carted in, and in most cases the 
greatW pa;*t<^f the boiler feed pi[3e circuit will have to be dis- 
mai^tled to fit in the tanks. If we are to assume that definite 
instructions are given to determine the amount of steam used 
by thC' 150 or so steam nozzles of the mechanical stokers, 
then either apparently all the small steam pipes supplying 
theSe stokers are to be dismantled and a fresh steam pipe 
circuit connected up to one of the boilers, which has to be 
tested separately, and the .evaporation measured, or else each 
of the nozzles mu'^t be measured for area and a crude empiri- 
cal formulae used. That is to say, there are really two boiler 
tests, which means a separate smaller set of water measuring 
tanks. In addition to this, samples of flue gas have to be 
taken in small tubes filled with mercury, and a continual 
series of CO.j analysis carried out by “Orsat” apparatus, and 
at the beginning and end of the trial every one of the twenty 
fires has to be measured for thickness by means of the “tools ” 
already discussed. Then there is a complete chemical 
analysis of various samples of coal to be carried out, that is, 
the determination of the carbon, oxygen, hydrogen, etc., in 
addition to the heating value by means of a bomb calorimeter. 
^ Such a test would dislocate the usual working of the boiler 
plant for at least a month, and on the actual test at least a 
dozen trained observers would be required, whilst, as an anti- 
climax, three hours is sufficient for the test ! Tt is therefore 
not to ht wondered at thai boiler tests, are not carried out 

C' ^ . 

according to the “Civils” Cqde, and that boiler testing is not 
popular when such methods are regarded as necessary. 

It should be the endeavour of an International Code to 
avoid such mistake.s. We have got to remember that there 
must always be a considerable margftirf of error. Thu^ the 


coal and water, whether by m<jchayr|p^ or laborious hand 
pjeans, cannot be weighed to within i per cent, of abs^ute 
accuracy, and (jertainly the perctntag^ of CO2 cannot be 
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determined to within ^ per cent., if only bepaus^e of the diffi- 
culty of obtaining a true average sample. It is thcrefor%.no 
use going to a lot of trouble over points that are of nj) practi- 
cal importance, and what is necessary is to concentrai^e par- 
ticularly on the points that matter, such as the weight o(, the 
water evaporated, the weight of the coal used, the proper 
sampling and analysis of the fuel, and the auxiliary sttfam or 
power. 

I am sure that the combined experience of Ameriban, 
British and French engineers, who have had actual practical 
experience of boiler plant testing would soon formulate a 
practical and accurate International Code ivhich would be of 
immense benefit to the engineering profession in all the 
countries concerned, and if this book is a help towards such 
a deserving object its success will have been achieved. 
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— steam, 89-90. 
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